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THE BLOOD IN SHOCK- 
C C GUTHRIE, MD 
INTRODUCTION 

It has been stated that in shock liquid passes from the blood to the 
tissues,^ resulting in alterations of physical condition, as increased 
specific graMty, red cell count, Mscosity, and decrease in total blood 
\olunie 

In an ln^ estigation of experimental shock in dogs" the blood i\as 
studied to determine if such alterations occurred in the type of shock 
induced, and if there was a causal relation between blood change and 
shock 

MCTHODS AND RESULTS 

Dogs under ether anesthesia were reduced to a state of shock, essentially h\ 
ner\e stimulation’ Some blood was lost by operatue procedures and by taking 
camples for anahses, but in no case uas such loss in itself of sufficient mag- 
nitude to induce* shock In tjpical cases the blood pressure was greatly low- 
ered, the cardiac output was decreased — as indicated b> diminished pulse pres- 
sure and ^olllme — respiration was irregular, e\c reflexes were present and slight 
if an\ tendencN to reco\er was manifested on discontinuing the administration 
of ether Alterations in reflex \ asomotor phenomena w ere marked Great dif- 
ferences in susceptibility to shock were exhibited by different dogs Arterial 
blood samples were taken before and after shock Coagulation was prevented 
by defibrination, and to control the findings a few samples were prevented from 
coagulating by the addition of potassium oxalate 

Specific qravity was determined by weighing It moderately and progres- 
snely decreased ' Taking into account the relatnely high specific gravity of 
red blood corpuscles, it would seem that the reduction m the specific gravity of 
the blood was largely due to the dilution of the corpuscles from increase of 
plasma ^olume 

Hcmatokrii icsis and red cell counts were performed in the usual manner 
The \olume per cent of red corpuscles and the number per unit of blood pro- 
gressively decreased, indicating an increase in plasma volume 

Hemoglobin W'as estimated by se^eral w'dl-known methods, as those of 
Tallqvist and Sahli, but the method that gave the most accurate results was 
carried out by means of a Duboscq colorimeter One c c of the first sample of 


* Submitted for publication Feb 22, 1918 

*From the Laboratories of Physiology Pharmacology and Physiological 
Chemistry, Umversitv of Pittsburgh School of Medicine 

1 Malcolm, J D Lancet, London, 1905, 2 , 577 British Medical Research 
Committee, ibid , 1917, 1 , 502 Bainbridge, F A Ibid , 1917, 2 , 51 

2 Guthrie, C C , and Guthrie, F V Proc Soc for Exper Biol and IMed , 
1914, 11 , 148 Guthrie, C C Proc Am Phys Soc for 1917 

3 Guthrie, C C Jour Am Med Assn , 1917 69, 1394 
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blood taken was added to and thoroughly shaken with 99 cc of water Ten cc 
of this mixture were placed in each of the colorimeter cups and a reading 
taken to determine if the values on the two sides were the same One cup was 
then emptied and refilled with a blood-water mixture prepared from a blood 
sample taken after shock was induced It was read against the blood mixture 
from the sample taken before shock, contained m the other cup The first sam- 
ple, or standard, was taken as 100 per cent and the hemoglobin content of sub- 
sequent samples as expressed in terms of per cent of the standard The 
hemoglobin values thus expressed, therefore, are comparative 

Concentration of hemoglobin in the blood progressively decreased, but m no 
instance was the change of sufficient magnitude to be considered as causally 
related to shock The decline in concentration must have been due to entrance 
of liquid into the blood, as there was no evidence of loss of hemoglobin save 
that due to blood lost from operation and removed for examination 

Change m the colorimeter value of hemoglobin would influence the results 
There is no evidence that material change of this character occurs in shock 
To determine the possible influence of acidosis, experiments were made by 
adding lactic acid to blood and observing the effect on colorimeter readings 
Until the reaction of the blood was altered m far greater degree than was 
observed m shock, in fact, not until the neutrality point had been passed, was 
there any material change m the colorimeter readings When change was so 
induced, it was in the direction of increased value, and was associated with a 
change in the physical state of the solution as indicated by opalescence which 
passed to cloudiness 

Samples of blood differing only in oxygenation were diluted with water and 
tested colonmetrically without appreciable differences m values 

The working errors of all the tests were determined by making readings on 
a standard blood and a blood prepared by mixing equal parts of the standard 
blood and clear serum The error in specific gravity was very slight By 
repeated trials it was determined that the error in estimating hemoglobin by 
the Duboscq colorimeter method was under 2 per cent The errors bj the 
other methods, in our hands, were greater, in order of accuracy being hemato- 
krit, Salih’s hemoglobin method, red cell count and Tallqvist’s hemoglobin 
method Of course, familiarity with methods and the personal equation are 
very large determining factors in the results of such comparative tests, and all 
we wish to indicate is that we were able in control tests to follow blood changes 
as determined bj^ specific gravity, relative hemoglobin content, and blood sedi- 
ment volume with comparatively small errors 

Viscosity was determined by measuring the rate of flow by forcing the 
liquid through a small bore tube with a constant pressure, and by means of a 
form of stalagmometer, gravity being the propelling force Viscosity varies 
indirectly as the rate of flow, and alterations are expressed in comparative 
terms In all instances observed, alterations m viscosity have been of moderate 
degree and have varied directly with specific gravity, blood sediment and hemo- 
globin The magnitude of change in viscosity observed is too small to be of 
important significance, since enormous alterations in viscosity without profound 
circulatory impairment have been observed * In shock there has been no e\ i- 
dence of increase in tissue liquids , in fact, rather the tissues have more the 
appearance of being dry and shrunken Also, there has been evidence of 
decrease in urine formation (no escape of urine during the experiment, and the 
bladder found to be em^ity at its conclusion), which would tend to result in 
retention of liquid by the blood 

Freezing Point — A form of Beckmann’s apparatus was used for determining 
the freezing point of blood Variations during the course of an experiment 
occurred, but the end results indicate a somewhat greater depression of the 


4 Stewart, G N Manual of Physiology, New York, 1914, p 23 
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irccpinir point .iftci shotk Dinorcncc>i obscncd arc considered too small to be 
of significant nnpoitance 

Blood vohiotr estimations were made from specific giavity, hcmatokiit, 
red cell count nid hemoglobin findings The fignies gnen aic relative, and 
indicate dilnlion rather than actual blood volume, as they aic not corrected 
for blood remoced or lost An increase in volume indicates an increase of 
plasma resulting in a decreased concentration of red corpuscles 


TMILE 1- 

—Rl SUITS Bl 

I OR! \ND IN 

Shock 



Before ‘shock 

In Shock Be 

fore Shock 

In Shock 


I \p I\ , Mav 

2, 1012 

Cxp V, Maj 

10, 1912 

Fin c 

I -10 

S 05 

11 15 

12 55 

IDooi! pressure 

14.S 

27 

378 

60 

lllouil sptrifie gri\it\ 

1 061 

1 0S7 

1 061 

1 057 

Blood frecsnig poini 

— 0 ol-t 

0 646 

— 0 619 

—0 641 

Blood \ol corpuscles* 

51 6 

IS 0 

SI 6 

4S 0 

Blood \ol\>nic* 

ion 0 

114 6 

100 0 

114 6 


I'sp \ II, Miv 

21, 1912 

Exp IX. Oct 

11, 1912 

Time 

2 OS 

1 10 

1 10 

S 15 

Blood prcssvire 

210 

11 

166 

50 

Blood specific gri\ii\ 

1 OSS 

1 0S4 

1 067 

1 067 

Blood freerinp point 

— 0 SS7 

— 0 S85 

-0 S92 

—0 617 

Blood \nl corpuscles* 

46 6 

40 0 

100 0 

100 0 

Blond volume* 

100 0 

116 5 

100 0 

100 0 


1 \p X, Nov 4, 

, 1912 Exp XVII. Mav 

19, 1917 

Tunc 

2 SS 

4 55 

2 47 

4 58 

Blond pressure 

172 

56 

194 

58 

Blood specific grn\it\ 

1 06S 

1 OSl 

1 068 

1 062 

Blood frecring point 

— 0 S90 

~0 620 



Blood sediment volume 



64 

S6 

Blood licmogloliin 



100 0 

80 9 

Blood red cell count 



10,189,600 

7,992,000 

Blood viscositv 



100 0 

96 1 

Blood vol corpuscles* 

SS S 

IS 1 

61 4 

S3 3 

Blood volume* 

100 0 

1S2 2 

100 0 118 9,114 2, 123 6 


I \p Win, Mav 26, 1917 

Exp \X, Tunc 2, 1917 

I line 

S 00 

4 5S 

2 18 

4 55 

Blood pressure 

216 

RS 

168 

31 

Blood specific grivit> 

1 064 

1 060 



Blood sediment volume 

SS 5 

52 0 



Blood licinoglolnn 

100 0 

94 0 

100 0 

92 0 

Blood viscosit> 

100 0 

96 0 



Blood vol corpuscles* 

56 6 

50 0 



Blood volume* 

100 0 1112 

. 112 5, 106 1 

100 0 

107 1 1 

* ColcuHted 





Blood firessure, mesii orternl 



\v 182 

48 

Specific gnvitv, deterinincd 1)> vvtigliing 


Av 1 063 

1 059 

1 rcering point, degrees Centigrade 


Av —0 604 

—0 622 

Blood sediment volume, per cent 

bv licmatoknt 


Av 61 1 

54 0 

licmogloliin, relative per eent 1)> 

Duboscq colorimeter 

Av 100 0 

89 0 

Bed cell count, nuinlier per cubic millimeter 


Av 


Viscositv, relative per cent 



Av 100 0 

96 2 

Calculitcd volume corpuscles, from specific gravity 

Av 54 7 

45 1 

Blood volume, cilctilatcd from specific grivity, sediment volume 



1)> licmatoknt and licinoglolnn 



Av 100 0 

117 6 

TABLE 2 — Succi ssivr 

Bi 0011 Findings During 

nil CouRSK or an 


ExPrRIMI NT 



Time 

11 15 

11 45* 

12 25 

12 55 

Blood pressure 

178 

200 

109 

60 

Blood specific gravity 

1 061 

1 059 

1 058 ' 

1 057 

Blood frcering point 

— 0 619° 

-0 628° 

-0 629° ' 

— 0 643° 


*11 26 begnn strong nerve stinuilntion 



4 


C C GUTHRIE 


ARCH INT jl 


DISCUSSION 

The results show decrease in concentration of the red blood cor- 
puscles This IS interpreted as due to entrance of liquid into the blood 
The degree and time of development of the shock induced varied 
more than the blood findings Changes in the blood appear to bear a 
closer relation to length of experiment and amount of blood withdrawn 
than to the degree of shock From this, and from the comparatively 



Results of Experiment XVII, May 19, 1917, graphically expressed 

small alterations in the blood, it seems clear that such changes m the 
blood at most were of minor causative significance in these experi- 
ments 

It IS known, for example, that following hemorrhage, liquid enters 
the blood, the concentration of the formed elements (red cells), specific 
gravity and per cent of hemoglobin being thereby diminished In 
shock associated with hemorrhage, therefore, this tendency would 
have to be more than counterbalanced for a concentration of the blood 
to occur Injury of the capillar}^ endothelium is known to result. 
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under certain conditions in the abnormal passage of liquid fiom the 
blood into the tissues Such injury may result from toxic substances 
introduced into the blood stream, as peptone, or from asphyxiation, as 
\enous obstruction, or temporar}' arterial obstruction In shock there 
IS no reason for surmising the presence of a toxic substance capable 
of such injury to the capillary endothelium, so it would be necessary 
to surmise an adequate degree of asphyxia 

No doubt the respiratoiy \alue of the circulation per unit of tissue 
is decreased under such conditions, but there is reason for believing 
that the respiratory demand of many of the tissues also is decreased, 
the reason being that tissue demand vanes directly as activity, and m 
shock many tissue actnities are diminished, as of voluntary muscles 
and kidneys The question becomes a quantitative one and sufficiently 
accurate data for decisnely answering it is lacking As having an 
interesting relation to the question are observations on the relative 
susceptibility of different tissues to anemia and certain observations 
on the relation of preservation of activity of peripheral nervous 
mechanisms and of vascular endothelium under abnormal conditions 
As to the relatue susceptibility of vascular endothelium in decline of 
the respirator}' ^alue of the circulation, ve have no direct experimental 
findings It is generally held, however, that nervous mechanisms (cells 
and synapses) are the structures first to show impairment and loss of 
function under such conditions, and in profound shock, activity of 
even the more highly specialized nervous mechanisms, that is, the least 
resistant to anemia, as those of consciousness, may not be entirely lost 
It would seem improbable, therefore, that at such a stage, much impair- 
ment of the capillary endothelium has occurred It may be that cer- 
tain capillary areas are more anemic than those of the brain, but in 
the event of such local impairment the decrease of blood in the areas 
affected would be against the piobability of the escape of much blood 
liquid In conformity with this, the superficial tissues appear blood- 
less and shrunken 

Some years ago experimental observations were made'’’ which seem 
to have a bearing on the question The posterior trunk and extremities 
of dogs were removed, posterior to the kidneys, and perfused through 
the aorta with blood diluted with Locke’s solution The volume of 
the perfusion mixture was followed and muscular response to nerve 
stimulation was tested from time to time There was little change in 
the blood mixture volume until marked decrease in muscular response 
occurred, at which time, or soon thereafter, the volume of the blood 
mixture rapidly decreased and the tissues became markedly edematous 
In profound shock peripheral muscular activity and capability to 


5 With Prof Hugh McGuigan 
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respond to nerve stimulation is not lost, so from this standpoint, too, 
it would seem improbable that at such a time the capillary endothelium 
IS seriously damaged 

According to Bayliss,® “Filtration is one of the factors in the pio- 
duction of lymph, since the intravascular pressure is greater than that 
in the tissue spaces, but Starling has insisted on the importance of 
osmotic pressure in addition It is, in fact, clear that a rise in the 
osmotic pressure of the lymph, however this rise is produced, will 
result in the passage of water from the blood to the lymph and an 
increase in the volume present ” He says that the entrance of liquid 
into the blood after hemorrhage is due to the higher osmotic pressure 
of blood than lymph, and that the decrease in blood pressure after 
hemorrhage permits the entrance of water into the blood from the 
tissues, normally the combined forces of mechanical and osmotic pres- 
sures of the blood balancing or overtopping that of the lymph 

However this may be, and differences of opinion as to the mechan- 
ism of lymph formation as well as to the relative osmotic pressures 
of blood and tissue liquid and lymph exist, the interpretation seems 
rather more in harmony with the view that m shock, conditions are 
more favorable for the entrance of liquid into, than passage from, the 
blood vessels 

The observations on the osmotic pressure of blood before and after 
shock, as indicated by depression of the freezing point, did not reveal 
alteiations of magnitude considered adequate to warrant a conclusion 
as to the possible effect on blood volume No similar observations 
were made on lymph, and therefore, no comparison of osmotic con- 
ditions in blood and lymph are possible in these experiments But, 
since tissue activities were less after shock, and since such increased 
concentration m tissues is due to substances readily permeating the 
blood stream, and since there was a marked decrease in renal activity. 
It seems reasonable to conclude from the comparatively slight altera- 
tions in the osmotic pressure of the blood, that osmotic pressure of 
the tissue liquids was not greatly altered The concentration of the 
blood following restoration of the circulation in the posterior trunk 
after temporary anemia (stasis or asphyxiation) induced by vascular 
occlusion concords with these views And further support is afforded 
by the observation that after a period of restored circulation, concen- 
tration of the blood ceased and soon again began to dimmish (See 
Exper XXI, June 12, 1917 ) 

The role of acidosis in the interchange of liquid between the blood 
and tissue liquids" should be considered, but in the absence of accurate 

6 Bayliss, W M Principles of General Physiology, London, 1915, p 165 

7 Fischer, Martin Edema and Nephritis, New York, 1915 
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data, no conclusions are possible It would seem, however, to be 
extremely doubtful that the comparatively slight change in blood reac- 
tion observed in certain shocked animals would indicate a degree of 
tissue acidosis of magnitude sufficient to be of material influence 
In conclusion, we wish to emphasize that these observations were 
made chiefly in a search for conditions having possible causal relations 
to the t} pe of shock investigated — not phenomena possibly resulting 
in late conditions resulting fiom shock, or conditions possibly occurring 
in other types of shock It is not difficult to imagine types of shock in 
nhich decrease in total blood lolume is a factor of consequential mag- 
nitude, as shock associated uith hemorrhage, or with extensive tissue 
traumatization and destruction 

That concentration of the blood may be induced in shock is indi- 
cated by the following observation 

Experiment XXI, June 12, 1917 Aftei the arterial blood pressure 
had been i educed to under 60 mm Hg , the thoracic aorta was tem- 
porarily occluded Before aortic occlusion the relative per cent of 
hemoglobin had decreased Following release of the aorta, that is, 
after the circulation uas lestored in an area temporarily rendered 
anemic, for a time the relatue per cent of hemoglobin increased 
It IS not certain from this one observation that an actual concen- 
tration occuiied But it seems probable, for considered serially, befoie 
aortic occlusion the percentages were 100, 87 7 and 75 7, and after, 
94 3, 101 and 90 0 Since it is well known that circulation through a 
part prcMOUsly subjected to profound anemia is associated with edema, 
this result is to be attributed to the anemia factor induced through 
aoitic occlusion and not due to the condition of shock itself 

In such conditions, associated with marked decrease m blood 
volume, restoration of blood volume is indicated ® But in shock not 
associated with such conditions the indications for such therapeutic 
measures are less cleaily defined 

CONCLUSIONS 

1 In the condition im estigated, alterations in blood volume causa- 
tively were unimportant 

2 Evidence of entrance of liquid into the blood was obtained 

8 Guthrie, C C Blood Vessel Surgery and Its Applications, London, 1912, 
p 347 
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THE LIGATION OF CORONARY ARTERIES WITH 
ELECTROCARDIOGRAPHIC STUDY * 

FRED M SMITH MD 
Assistant m Medicine, Rush Medical College 
CHICAGO 

This article is based on a study of sixty-six dogs in which known 
myocardial lesions had been produced by the ligation of definite 
branches of the coronary artenes of the heart While the experiments 
were made with the primary object of determining the change in the 
electrocardiograms brought about by these ligations, other results, 
anatomic and pathologic, are deemed worthy of brief mention 

Method — Dogs were anesthetized with ether and electrocardiogiams taken 
The chest was surgically prepared and a tracheal cannula introduced for 
positive pressure An incision was made parallel to the sternum at about the 
left costosternal margin, from the third to the sixth rib, then to the left in 
the fifth interspace The flap, including the deep muscle layer down to the ribs, 
was dissected back Blunt scissors were pushed through the intercostal muscle 
in the fifth interspace into the pleural cavity, and this incision was carried from 
the sternum well lateralward The third to the fifth rib, inclusive, ivere 
severed at the costosternal margin and the ribs retracted, thus affording a 
good exposure of the heart This exposure was especially satisfactory for 
the ramus descendens anterior sinister To ligate the circumflexus sinister to 
the best advantage the incision had to be carried especially far to the left side 
with the animal lying on the right side To expose the right coronary artery 
an incision similar to the one described was made on the right side of the 
chest The pericardium was slit as nearly as possible over the desired artery, 
which was ligated with strong linen The pericardial sac and chest cavity were 
then closed as quickly as possible without regard to the pleura 

Electrocardiograms were taken before the ligations Earlj m the work 
records were made immediately following the ligation and at intervals of ten 
minutes, over a period of thirty to forty minutes, except in two cases, in which 
observations were made over a period of four hours There seemed to be no 
special advantage in taking these frequent records, so that later they were 
ordinarily taken at the end of the operation, which was usually from twenty 
to thirty minutes following the ligation, and then not for several hours 

During the postoperative periods, records were taken at varying intervals 
In the first thirty animals the interval was from seven to ten days Later, 
electrocardiograms were taken everj^ day for the first week or ten days After 
this period every -week Frequent observations in the early postoperative course 
were found to be desirable 

The dogs were watched for evidence of cardiac failure and ivere frequently 
tested for such condition by forced exercise Signs of other diseases, such as 
infections, were also noted In case of death, an early necropsy was performed, 
especial attention being paid to the lesions found in the heart, their location, 
extent and histologic structure 


* Submitted for publication Feb 16, 1918 

^This investigation was aided b}" funds given by Madam C H McCormick 
and R T Crane, Jr 
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Fig 1 — Normal electrocardiogram of a dog 
Fig 2 — Dog 4S The record A\as taken t\\ent\-fi\e minutes following the 
ligation of the ramus descendens anterior sinister and the first descending branch 
oi the ramus circumflev sinister The T-\\a\e is markedly elevated — left 
\entricular c\tras> stole in Lead I 



Fig 3— Dog 17 Record taken five minutes following the ligation of the 
ramus circumflexus sinister — auricular flutter , auricular rate 500 , ventricular 
rate 166-250 The T-wave is elevated as in Figure 2 

Fig 4— Dog 40 The electrocardiogram w'as taken five days after the liga- 
tion of the ramus descendens anterior and the first descending branch of the 
ramus circumflexus sinister The T-wave is sharply negative in Leads li and 
III It was strongly positive immediatel> follow-ing operation 
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Tig 5 I'lg 6 

Fig 5 — Dog 54 The electrocardiogram was taken two days after the liga- 
tion of the first two lateral blanches of the ramus descendens anterior and the 
first descending branch of the ramus circumflexus sinister The T-wave in 
Leads II and III is sharply negative The T m Lead III has become positive 
Fig 6 — Dog 29 The record was taken two days after the ligation of 
the right coronarv arterj There is a left ventricular preponderance The 
T-wave in Leads II and III has changed from a negative to a markedly posi- 
tne phase 



Fig 7 — Dog 8 The record was taken thirty-eight days following the liga- 
tion of the ramus descendens anterior sinister The T-wave is negative m 
all leads 

Fig 8 — Dog 20 Electrocardiogram taken fifteen days following operation 
An attempt was made to ligate the ramus circumflexus sinister The ligature 
was around the vessel at necropsv, but the lumen was only partially occluded 
The moderate left ventricular hjpertrophy indicated by the electrocardiogram 
was verified at necropsj 
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r,g 9__Dog 16 The iccoul was made fifteen days following the ligation 
of the raniiis circumflex sinister The T-\\a\e m Leads II and III has giown 
positne from a sharpl\ negatne phase There are right \entrietilar premature 
contractions 

Fig 10— Dog 16 Record taken thirty-fne dajs following operation The 
R-\\a\c in Leads I and III is blunt This was the only record of the series 
which showed this condition The ramus circumflcMis smistei was ligated 



Fir 11 ' Tig 12 


jTjg 11 —Dog 1 Record taken fifty -one days after ligation of the ramus 
descendens anterior sinister The hypertrophy of the right ventricle indicated 
by the electrocardiogram was verified at necropsy 

Pig 12— Dog 18 Record taken twenty-six days following the ligation of 
the ramus circumflexus sinister It shows the onset of two attacks of parox- 
ysmal tachycardia 
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Fig 13 — The ramus descenclens anterior sinister is ligated The lesion is 
typical of that resulting from the ligation of this artery There is a thinning 
and fibrosis of the anterior wall of the left ventricle and septum especially 
marked at the apex 



Fig 14 — The ramus cucumflexus sinister is ligated at the site of the liga- 
ture The external change is a slight sinking and thinning of the posterior 
wall of the left ventricle The endocardial change is a fibrosis of the 
posterior papillary muscle and in the immediate vicinity 
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Fig 15 — The first descending and the large posterior descending branches 
of the ramus circumflexus sinister ^^erc ligated Illustration shows a fibrosis 
of the posterior papillary and a slight in\olvement of the anterior papillary 
muscle 
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Fig 16 — The second descending branch and the posterioi portion of the 
ramus circumflexus sinister were ligated The posterior papillary muscle has 
changed to a knot of fibrous tissue 




LIGATION OF CORONARY ARTERIES 



Fig 17 — The anterioi descending branch and the posterior descending por- 
tion of the ramus circumflexus sinister were ligated The resulting endocardial 
lesion IS a fibrosis of the posterior papillary muscle, showing the constancy of 
the lesion resulting from the ligation of these arteries 
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Aifeiy Ligated — In eleven dogs the ramus descendens anterior 
sinister was ligated from 1 to 2 cm from its origin Dog 2 died within 
two minutes following the ligation The ventricles suddenly went into 
fibrillation It was afterward discovered that the dog had been pre- 
viously used by Dr Woodyatt for sugar injection It is possible that 
before our operation there was disturbed function of the heart, as it 
was noted that the electrocardiogram taken before operation differed 
from the normal in that the T-wave was distinctly negative in all leads 
Ten dogs survived the operation, one died from sepsis on the eighth 
day Dog 9 died on the seventeenth day with symptoms of failing 
myocardium At necropsy the left ventricle was dilated and the 
anterior wall, including the apex, was very thin The tenth dog of the 
series was found dead in the cage on the eighteenth day No cause 
was found for death Seven of the series remained in good condition 
until necropsy They gained in weight, showed no evidence of fatigue 
on walking them to and from the electrocardiograph room, which was 
over one block distant The time elapsing between operation and 
necropsy varied from eighteen to sixty-three days 

The ramus circumflexus sinister was ligated from 1 to 2 cm from 
its origin in fourteen dogs Four animals died during the operation , 
ten awakened from anesthesia m fairly good condition, of these, 
four died the following night, six animals lived until necropsy time 
They became fat and responded well to exercise In fact, Dog 20 at 
one time fought several minutes with another dog without being much 
winded 

The right coronary artery was ligated 2 to 3 cm from its origin 
in eight dogs Four died within five hours Dog 30 died on the third 
day from sepsis Dogs 31 and 32, which gradually grew thin and 
coughed and vomited frequently, were killed on the tenth and twentieth 
days respectively At necropsy they were found to have broncho- 
pneumonia Dog 28 was killed on the tw^enty-eighth day, having com- 
pletely recovered from the operation 

In eighteen dogs the ramus descendens anterior sinister and one oi 
more branches of the ramus circumflexus sinister were ligated Nine 
dogs died within twenty-four hours Three died from infection in 
three, twelve and twenty-one, days, respectively Two grew thin and 
died from failing heart on the fifteenth and seventeenth days The 
remaining four dogs were killed by anesthesia in from forty-tw^o 
to eighty-nine days and necropsy held 

The first lateral branch of the ramus descendens anterior sinister 
and one or more of the branches of the left circumflex were tied off in 
sixteen dogs The portion of the ramus circumflexus sinister was 
either the large anterior descending or the descending posterior branch 
Six dogs died wnthin tw^elve hours, one from hemorrhage from a sur- 
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gical blunder Two became infected and died on the second and tenth 
days The remaining eight were m fine condition There was no evi- 
dence of cardiac weakness 

Elect) oca) dtogi aphtc Study — The electrocardiographic curves taken 
before operation were fairly constant in conformation Figure 1 rep- 
resents a type of curve which was encountered in the majority of cases 
The R wave in Lead I was always small, it was most prominent in 
Leads II and III The T-wave was small in all leads and not infre- 
quently negative In those dogs in which the T-wave was inverted m 
all leads, the mortality seemed to be high within twenty-four hours 
following operation 

P)ematu)e Cont)actiO)is — Premature contractions were noted 
usually within a few minutes following the ligation The type 
depended on the portion of the heart involved When the right coro- 
nary artery or the circumflex branch of the left, both of which arteries 
supply blood liberally to the corresponding auricles and ventricles, was 
ligated, the premature contractions were both auricular and ventricular 
in type The ramus descendens anterior sinister supplies portions of 
the left ventricle and a limited area of the right Following the liga- 
tion of this arter}^ left ventricular premature contractions and an 
occasional right were often noted 

The number of premature contractions after one hour’s time 
depended in a large degree on the artery ligated They were usually 
far more numerous following the occlusion of the right coronary artery 
and the circumflex branch of the left It was not uncommon to note 
many runs of three to five of these premature contractions This was 
especially noticeable on the day after operation, when at times there 
were runs of eight to ten After this, as a rule, they gradually 
decreased in number day by day After one week’s time only an 
occasional one was seen in the electrocardiogram In some dogs, how- 
ever — those in which the ramus circumflexus sinister had been ligated 
— premature contractions were obsen^ed in the electrocardiograms until 
death 

Tacky cai dia — In four dogs after the ramus circumflexus sinister ' 
had been ligated, premature contractions of the left ventricular tvpe 
were numerous within one hour’s time There were many small runs 
of three to four, which gradually increased in number to from six to 
eight Finally a permanent tachycardia set in which ended in ven- 
tricular fibrillation and death Possibly this was the explanation of 
the death of many of the dogs that died within the first twenty-four 
hours In fact, one dog, just prior to death, which was twenty-four 
hours following operation, was observed with such tachycardia 
Dog 18 of this series, which had the ramus circumflexus sinister 
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ligated, had many premature contractions until the time of necropsy 
On two occasions the animal was observed in paroxysms of tachy- 
cardia (Fig 12 ) These attacks were usually only a few minutes in 
duration They could be produced by exercise and were checked by 
keeping the dog a ery quiet 

Veni7 tcular Fxhidlation — Ventricular fibrillation was imariably the 
outcome of a permanent tachycardia Fibrillation of the ventricles 
was not, howe\er, always preceded by tachycardia In six instances 
the condition came on quite abruptly soon followed by the death of 


TABLE 1 — of Results Following the Lig^tiox of the Ramus 

Descexdeks Anterior Sinister 


Bog- 

Number 

Bate of 
Operation 

Vessel Lig | 

Bate of 
Necropsy ! 

Buration of 
Life, Bays 

1 Cause of Beath 

1 

1 

1/20/17 

Ramus descend ^ 

ant sinister 

302/17 

1 

51 

Anesthetized 

2 

1/23/17 

i 

1 

Ramus descend 
ant sinister 

1/23/17 1 

Bied during 
operation 

Ventricular 

fibrillation 

3 

1/24/17 1 

Ramus descend 
j ant sinister 

3/2S/17 

C3 

Anesthetized 

4 

1/23/17 1 

j Ramus descend 
' ant sinister , 

2/17/17 ! 

23 

Anesthetized 

5 

1/20/17 j 

1 

Ramus descend 
ant sinister 

2/ 3/17 

S 

j Sepsis 

6 

1/27/17 

Ramus de'cend 
ant sinister 

2/17/17 

21 

Anesthetized 

7 

1 

1/30/17 

Ramus descend 
ant sinister 

1 2/17/17 

IS 

Anesthetized 

8 

j 

1/31/17 

Ramus descend 
ant sinister 

3/24/17 

53 

Anesthetized 

9 1 

2/ 1/17 

Ramus descend 

1 ant sinister 

2/1S/17 

17 

Anesthetized 

10 

2/ 3/17 

Ramus descend 
ant sinister 

2/21/17 

IS 

Railing heart 

11 

2/ 6/17 

Ramus descend 
ant sinister 

3/12/17 

33 

Anesthetized 


the animal In one case the string of the galvanometer fluttered as in 
ventricular fibrillation, within one minute’s time rhythmical contrac- 
tions followed No record was taken, for we felt confident that the 
\entricles w^ere fibrillating and that the experiment w^ould in a few 
seconds or minutes be finished by the complete stopping of the heart 
The dog, however, recovered from the operation and w^as allow^ed to 
live seventy-four days 

In Dog 17 the auricles w^ere fluttering wnthin five minutes following 
the ligation of the ramus circumflexus sinister An electrocardiogram 
taken five minutes later showed auricular fibrillation This was fcl- 
low^ed shortly by ventricular fibrillation and death. 
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T-JVavc — The changes in the T-wave following the ligation of 
any branch of the left coronal y aitery weie among the most constant 
and most remarkable, and have not, we believe, been previously 
recorded by other observers There was a fairly constant change from 
the strongly positive peak to a markedly negative, and then a slowei 
return to the positive or iso-electric form These changes were usually 


TABLE 2 — Summary or Results Following the Ligation of the 
Rvmus Circumflexus Sinister 


Dog 

No 

, Dnte of 
j Operation 

Vessel 

Ligated 

Date of 
Necropsy 

Duration of 
Life, Dajs 

Cause of 

Death 

12 

2/ 7/17 

Ramus circumflexus 
sinister 

3/12/17 

S3 

Anestheslzed 

13 

2/ 9/17 

Ramus circumflexus 
sinister 

2/17/17 

29 

Anesthesized 

14 

2/12/17 j 

Ramus circumflexus 
sinister 

2/12/17 j 

Died during 
operation 

Aeute dilatation of 
heart 

15 

2/12/17 

Ramus circumflexus 
sinister 

2/12/17 

Died during 
operation 

Tachycardia, acute 
dilatation of heart 

16 

2/14/17 

Ramus circumflexus 
sinister 

3/20/17 ’ 

1 

25 

Anesthesized 

17 ' 

2/15/17 

1 

i 1 

Ramus circumflexus 
sinister 

2/15/17 

Died during 
operation 

Ventricular flbrilla- 
tion, acute dilata- 
tion of heart 

18 

2/17/17 

Ramus circumflexus 
sinister 

4/12/17 

59 

Anesthesized 

19 

2/21/17 

Ramus circumflexus 
sinister 

2/21/17 

Died follon 
ing night 

7 

20 

2/21/17 

Ramus circumflexus 
sinister 

2/22/17 

54 

Anesthesized 

21 

2/22/17 

Ramus circumflexus 
sinister 

2/22/17 

1 

Died folloiv 
ing night 

Acute dilatation of 
heart 

22 

3/28/17 

Ramus circumflexus 
sinister 

3/2S/17 

i 

25 minutes 
following 
operation 

Tachycardia and 

ventricular fibiil 
lation 

23 

3/ 3/17 

Ramus circumflexus 
sinister 

3/ 3/17 

Died follow 
mg night 

Acute dilatation of 
heart 

24 

3/ 3/17 

Ramus circumflexus 
sinister 

4/14/17 

41 

Anesthetic 

25 

3/ 8/17 

Ramus circumflexus 
sinister 

3/ 9/17 

Morning fol 
lowing 

Acute dilatation of 
heart 


as follows Immediately following the ligation the T-wave became 
more prominent As a rule, the height of this wave seemed to vaiy 
directly with the size of the branch of the left coronary artery ligated 
Where a large vessels was occluded, the T-wave became very tall 
(Figs 2 and 3) In some instances it exceeded the height of the 
R-wave (Fig 3) On the other hand, when a small artery was ligated 
the increase in the height of the T-wave was very slight Within 
twenty-four hours it became sharply negative (Fig 4) The largei 
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the artery the greater was the condition of negativity This persisted 
for three or four days, after which it gradually grew less, until by the 
sixth or seventh day this peak again became positive in one lead, for 
example. Lead III The duration of the negative T-wave seemed to 
depend on the size of the artery ligated Where the artery was small 
the negative T lasted not more than from two to four days While the 
T-wave usually became positive in Lead III first, followed successively 
by Lead II and I, occasionally the order was reversed, T in Lead I 
becoming positive first, followed by II and III 


TABLE 3 — Summary of Results Following Ligation of the 
Right Coronary Artery 


Uog 

No 

Date of 
Operation 

Vessel 

Ligated 

Date or 
Necropsy 

1 

Duration of 
Life, Days 

Cause of 

Death 

2G 

3/ 6/17 

Right coronar> 
artery 

! 

3/16/17 

Died 6 hours 
following 
operation 

Tachycardia, acute 
dilatation of heart 

27 

3/10/17 

Right coronary 
arterj 

3/10/17 

2 hours fol 
lowing oper 

Tachycardia, acute 
dilatation of heart 

28 

% 

3/14/17 

Bight coronary 
artery 

3/ 4/17 : 

3-4 hours fol 
lowing oper 

Acute dilatation of 
heart 

29 1 

3/11/17 ! 

Right coronary 
artery 

4/14/17 1 

28 

Ancsthesized 

! 

30 

3/17/17 

Right coronary 
artery 

3/20/17 

3 

Sepsis 

31 

3/21/17 

Right coronary 
artery 

3/31/17 

10 

Anesthesizcd, bron 
chopneumonia 

32 

3/24/17 

j 

Bight coronary 
artery 

4/13/17 

20 

Bronchopneumonia 

33 

1 

3/27/17 i 

i 

Bight coronary 
artery 

3/22/17 

Died follow 
ing night 

Acute dilatation of 
- heart 


The change of the T-wave from a negative to a positive phase was 
a gradual one, but progressed until the curve became markedly posi- 
tive This condition was usually observed from the second to the 
fourth week, and was frequently associated with a low voltage R-wave 
(Fig 9) 

After the fourth week the T-wave again became iso-electric or 
negative in one or more leads and remained so until necropsy In some 
cases this wave was very much below the base line (Fig 7) This was 
especially true after the ligation of large arteries, as the ramus 
descendens anterior and circumflex sinister 

Car drac Hyper ti ophy — Those dogs in which the ramus descendens 
anterior sinister was ligated, after a period of from four to six weeks, 
gave an electrocardiogram typical of right ventricular preponderance 
At necropsy the right ventricle was found hypertrophied (Fig 11) 
Those dogs in which small branches of the left coronary artery were 
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ligated, developed electrocardiograms typical of left-side preponder- 
ance, which was also verified at necropsy 

Pathology — The pathologic lesions resulting from the ligation of 
the ramus descendens anterior were fairly constant in type, but varied 
widely in the extent of the involvement of the heart wall This would 
suggest the possibility of a difference in the amount of collateral circu- 
' lation Externally there was invariably a triangular area of depression 
on the anterior surface of the heart along the line of the interventricular 
septum, imolving the left ventricular wall (Fig 13) The base of this 
triangle was at the apex of the heart This area was pale in color and 
soft or firm in consistency, depending on the age of the lesion There 
was, however, often an area occupying the apex that was of soft con- 
sistency regardless of the age of the lesion and the amount of fibrosis 
m the surrounding tissue In six hearts the ventricular wall at the 
apex was reduced almost to paper thickness, with beginning aneurism 
This was observed in those hearts in which the lesion was extensive 

The endocardial degeneration was more extensive than the epi- 
cardial The endocardium of the lower half of the septum, and the 
anterior left ventricular wall, including the apex and a small portion of 
the right ventricle adjoining the septum, were usually involved Occa- 
sionally the base of the anterior papillary muscle was pinched off by the 
contraction of the fibrous tissue which later developed The endocar- 
dium was pale or mottled in appearance, soft or firm in consistency, 
depending on the age of the lesion In a few instances the lower por- 
tion of the septum was quite thin Figure 13 illustrates a typical lesion 
resulting from the ligation of the ramus descendens anterior sinister 

The pathologic findings resulting from the ligation of the ramus 
circumflexus sinister were the most surprising, in that the external 
changes were comparatively small, in fact, in one instance, the only 
change noted was a small depression in the posterior wall of the left 
\entricle near the septum (Fig 14) On palpation, however, the pos- 
terior wall of the left ventricle was found to be somewhat thinned out 
The endocardial changes were usually confined to the posterior wall of 
the left ventricle, involving especially the posterior papillary muscle 
(Fig 17) 

The most extensive endocardial degeneration, as compared with 
that of the epicardium, was produced by the ligation of the various 
branches of the ramus circumflexus sinister The ligation of the first 
descending branch of this artery generally resulted m fibrosis of the 
anterior papillary muscle , the ligation of the posterior descending por- 
tion of the ramus circumflexus sinister resulted in fibrosis of the 
posterior papillary muscle So constant were these results that we 
could produce lesions of either one of these papillary muscles In a 
large percentage of the cases the epicardial change was usually a 
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TABLE 4 — Summary or Results Following the Ligation of Various 
Branches of the Ramus Descendens Anterior and 

ClRCUMFLEXUS SINISTER 


Dog 

No 

Date of 
Operation 

Vessel 

liigated 

Date of 
Necropsy 

Duration of 
Life, Da IS 

Cause of 

Death 

31 

4/ 9/17 

1 

Ramus descendens ante 
nor sinister and first de 
scending branch of cir 
cumflexus sinister 

7/21/17 

SO 

Anesthcsi i 

35 

4/11/17 

1 

Ramus descendens ante 
nor sinister and first de 

1 scending branch of cir 
cumflexus sinister 

4/ 4/17 

Died 10 minutes 
after Jigation 

Acute diiatation of 
heart 

30 

4/12/17 

Ramus descendens ante 
nor sinister and first de 
scending branch of cir 
cumflexus sinister 

4/12/17 

Died foilon 
ing night 

Acute dilatation of 
heart 

37 

4/14/17 

Ramus descendens ante 
rior sinister and first de 
scending branch of cir 
cumflexus sinister 

4/14/17 

Died 30 minutes 
following 
ligation 

Ventricular flbrilla 
tion, acute dilata 
tion of heart 

38 

4/16/17 

Ramus descendens ante 
nor sinister and first de 
scending branch of cir 
cumflexus sinister 

4/17/17 

j 

Dicd24hours 

following 

operation 

Acute dilatation of 
heart 

39 

4/18/17 

Ramus descendens ante 
nor sinister and first de 
scending branch of cir 
cumflexus sinister 

7/ 6/17 

78 

Failing heart 

40 

4/21/17 

Ramus descendens ante 
nor sinister and first de 
scending branch of eir 
cumflexus sinister 

4/21/17 

Died 20 minutes 
following 
ligation 

Ventricular flbrilla 
tion, acute dilata 
tion of heart 

41 

' 4/23/17 

i 

Ramus descendens ante 
nor sinister and first de 
scending branch of cir 
cumflexus sinister 

8/15/17 

S3 

Anesthesia 

42 

4/25/17 

Lateral branch of ramus 
descendens anterior and 
posterior descending 
portion of circumflexus 
sinister 

4/25/17 

Died foilon 
mg night 

Acute dilatation of 
heart 

1 

43 

4/28/17 

Large anterior descend 
ing branch and posterior 
portion of ramus cir 
cumflexus sinister 

0/ 9/17 

42 

Anesthetized 

44 

4/30/17 

Large anterior descend 
Jng branch and posterior 
portion of ramus cir 
cumflexus sinister 

5/12/17 

1 

5 

Lmp^ ema 

45 

5/ 2/17 

Large anterior descend 
mg branch and posterior 
portion of ramus cir 
cumflexus sinister 

6/23/17 

21 

Empjema 

46 

5/14/17 

Large anterior descend 
ing branch and posterior 
portion of ramus cir 
cumflexus sinister 

6/14/17 

Died foliow 
mg night 

Acute dilatation of 
heart 

47 

5/11/17 

Large anterior descend 
mg branch and posterior 
portion of ramus cir 
cumflexus sinister 

5/16/17 

Died follow! - 
ing night 

Acute dilatation of 
heart 

48 

5/19/17 

Lateral branch of ramus 
descendens anterior and 
first descending branch 
of ramus circumflexus 
sinister 

7/ 1/17 

61 

Anesthesia 
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TABLE 4 — SijJj;mvr\ of the Results Following the Lig\.tion of Various 
Brvnches of the R\iius Descendens Anterior and 

CiRCU MFLENU S SINISTER — C OJlfllltlcd 


Dogr 

No 

Hite of 
Operition 

1 

Vessel 

Ligated 

Date of 
Necropsx 

Duration of 
Life, Davs 

/ 

Cause of 

Death 

IQ i 

5/23/17 

Literal branch of ramus 
descendens anterior ind 
first descending brinch 
of nmus circumfleNus 
sinister 

5/25/17 

j 

1 

Empvemi 

50 

i 

5/20/17 

Lateral brinch of ramus 
descendens interior and 
first descending branch 
of ramus circumfiexus 
sinister 

5/30/17 

4 ^ 

1 

I 

1 

1 

1 

Failing heart 

51 

5/SO/17 

Lateral branch of nmus 
descendens anterior and 
first descending brinch 
of r imus circiunflexus 
sinister 

6/ G/17 

b 

? 

i 

Meningitis 

52 

0/ 2/17 

Literal branch of rimus 
descendens anterior and 
first descending hr inch 
of ramus circumflevus 
sinister 

S/21/17 

49 

Anesthesia 

53 

6/ 0/17 

Literal branch of ramus 
descendens anterior lud 
first descending branch 
of ramus circumfiexus 
sinister 

6/14/17 

j 

Sepsis 

o4 

6/2S/17 

Lateral brancli of ramus 
descendens anterior ind 
first descending branch 
of r imus circumfiexus 
sinister 

6/23/17 

Died 1 hour 
after operation 

Acute dilatation of 
heart 

55 

0/25/17 

Literal brinch of nmus 
descendens anterior and 
posterior portion of r i 
mus circumfiexus sinis 
ter 

7/21/17 

26 

Anesthesia 

5G 

0/27/17 

Lateral branch of ramus 
descendens anterior and 
posterior portion of ra 
mus circumfiexus sinis 
ter 

6/27/17 

Died follou- 
Ing night 

Acute dilatation of 
heart 

57 

0/30/17 

Anterior descending 
branch and the posterior 
portion of nmus cir 
cumfiexus sinister 

7/ 6/17 

1 

7 

Sepsis 

6S 

7/ 7/17 

Anterior descending 
branch and the posterior 
portion of ramus cir- 
cumfiexus sinister 

1 10/ 6/17 

91 

Anesthetized 

59 

7/12/17 

Tivo lateral branches of 
ramus descendens ante 
nor and descending por 
tion of ramus circum 
fiexus sinister 

7/12/17 

1 hour follow- 
ing operation 

Taehvcardii and 
acute dilatation of 
the heart 

00 

7/14/17 

Two later il branches of 
ramus descendens ante 
nor and descending por 
tion of ramus circum 
fiexus sinister 

7/14/17 

20 minutes 
follow mg 
operation 

Hemorrhage from 
surgical error 

01 

7/10/17 

Large anterior descend 
mg branch and posterior 
portion of ramus cir- 
cumfiexus sinister 

10/ 6/17 

1 

82 

Anesthetized 
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TABLE 4 — SuMMAR\ or Results Following the Ligation of Various 
Branches of the Ramus Descendens Anterior and 
C iRCUMFLEVus SINISTER — (Couitnued) 


Dog 

No 

Date Of 
Operation 

i 

Vessel 

Ligated 

Date of 
Necropsy 

Duration of 
Life, Dajs 

Cause of 

Death 

G2 

1 

7/18/17 

i 

* Large anterior descend 
ing branch and posterior 
‘ portion of ramus cir- 
cumflexus sinister i 

9/30/17 

74 

Anesthetized 

03 

7/20/17 

Large anterior descend ' 
mg branch and posterior 
' portion of ramus cir- 
eumflexus sinister 

10/ 6/17 

77 j 

Anesthetized 

64 

1 

7/26/17 

1 First lateral branch of 
' ramus descendens ante 
' nor sinister and first de 
[ scending branch of ra- 
1 mus circumflcxus sinis 
' ter 

1 1 

7/28/17 

2 

Sepsis 

65 

7/28/17 

j Two lateral branches of 
ramus descendens ante 
nor and posterior por 

1 tion of circumflcxus sin 
j istei 

10/ 6/17 

70 

Anesthetized 

66 ' 

7/29/17 

jT\\o lateral branches of 
ramus descendens ante 
j nor and posterioi por 

1 tion of circumflcxus sin 

1 ister 

1 7/29/17 i 

f 

Died follon 
ing night 

Acute dilatation of 
heart 


depression less than the size of a five cent piece at the site of the liga- 
tion (Figs 15 and 16) 

The lesion resulting from the ligation of the right coronary artery 
was confined to the lateral and anterior surface of the right ventricle 
It was usually about the size of a silver dollar, being more extensive 
on the endocardial than epicardial side In addition, there were small 
areas of fibrosis from 1 to 5 mm in diameter disseminated throughout 
the right auricle 

Min oscopvc Findings — The microscopic changes were those which 
have many times been described as resulting from experimental or clin- 
ical- occlusion Within twenty-four hours from the time of operation 
there was an infiltration of round cells and red blood corpuscles within 
and between the muscle cells The protoplasm of the cells stained less 
deeply and the nuclei were paler After one week fibrous tissue cells 
had already begun to form, and the muscle cells were in a more 
advanced stage of degeneration The fibrous tissue gradually replaced 
the degenerated cells until by the end of three weeks the fibrosis was 
fairly extensive 

DISCUSSION 

Mortality — In general the mortality in our series compares closely 
with that of late expenmenters, where ether is used as an anesthetic, 
where artificial respiration is kept up, and where a rapid aseptic sur- 
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gical opeiation is done The earlier expei imenters, as Cohnheim, it 
^Mll be leinembeied, had a much liighei moitality, and even Porter/ 
whose results were much moie favorable because of better technic, lost 
more dogs than later investigators The mortality m our senes follow- 
ing the ligation of the ramus descendens anterior sinister was 9 per 
cent Porter’s was 64 per cent Miller and Matthews^ had no deaths 
following the ligation of this arteiy Where in addition we ligated one 
01 more small branches of the ramus circumflexus sinistei, the mor- 
tality was increased to 50 per cent This was about the same a'5 that 
from the ligation of either the mam tiuiik of the ramus circumflexus 
sinister or the light coronary artei}^ which was 57 per cent and 54 
per cent , respectively Miller and Matthews had a moitality of only 
8 7 per cent fiom the ligation of the ramus ciicumflexus sinistei The 
difference between our figures and those obtained by Miller and 
Matthews is, peihaps, explained because we used no digitalis or allied 
drugs prior or subsequent to ligation These investigators feel ceitam 
that intravenous administration of stioplianthm decreased then 
mortality 

The mortality following the ligation of the first lateial bianch of 
the ramus descendens anterior and either the large antenoi oi posterior 
descending branch of the ramus ciicumflexus sinister was 37i/^ pei 
cent These figures approached those obtained from the ligation of the 
ramus circumflexus sinister or the light coronary artery, yet the aiea 
supplied with blood by the last named arteries far exceeds that supplied 
by the former Even though the area supplied with blood in the for- 
mer IS less, the papillary muscles are involved, which perhaps may be 
the explanation for the high death rate 

Pathology — One fact, strikingly brought out, was that wheie a 
lesion was brought about by ligation of the left coronary artery, the 
softening or fibrosis involved to a much gi eater extent the endocaidial 
and subendocardial structures than the subpericardial or the body 
proper of the myocaidium This was true in two cases in man with 
coronary artery occlusion which we had the opportunity of observing 
while the work was going on Oppenheimer and Rothschild® have 
recently called attention to this condition in scleioSis of the coronary 
arteries. Eight of their cases had occlusion of the ramus descendens 
anterior of the left coronary artery While confirming their observa- 

1 Porter Results of Ligation of the Coronary Arteries, Jour Physiol , 
1894, 15 , 121 

2 Miller, J L, and Matthews, S A Effects on the Heart of Experimental 
Obstruction of the Left Coronary Artery, The Archives Int Med , 1909, 3, 476 

3 Oppenheimer and Rothschild Electrocardiographic Changes Associated 
with Myocardial Involvement with Special Reference to Prognosis, Jour Am 
Med Assn , 1917, 69 , 429 
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tions as to the location of the pathologic changes, we are not prepared 
to accept in its entirety their “arborization block” explanation of the 
electrocardiographic phenomena seen in such cases We feel that fur- 
ther study of this feature is necessary 

Anastomosis — The question of an anastomosis between the right 
and left coronary arteries has been often discussed Our observations 
on these dogs lead us to the belief that while the degree of anastomosis 
IS variable, there must often be a fairly free communication between 
the branches of the right and left arteries or between the smaller 
branches of the same artery Otherwise it is difficult to explain the 
survival of dogs where extensive ligation has been made, the variations 
in extent of the lesions produced by the obstruction of the same vessel 
and the comparatively small size of the lesion which frequently results 
from the occlusion of a large artery 

The same conclusions, we believe, can be drawn with regard to the 
anastomosis of the coronary arteries in man In a case that we recently 
studied, although the ramus descendens anterior sinister and the large 
anterior descending branch of the circumflexus sinister were completely 
occluded by thrombi, the only external change was a small depression 
the size of a fifty cent piece on the anterior wall of the left ventricle 
Similar observations have been made by Thorel, Chian, Merkel, Dock, 
Herrick^ and others, in which a fairly rich collateral circulation, capa- 
ble of functioning, must be assumed to exist as an explanation of the 
survival of the patient with such a comparatively small area of myo- 
cardial involvement after an extensive obstruction of a larger vessel 

Electrocaidiogiaph Study — The various types of premature con- 
tractions, the appearing of these in runs of three to eight, with an 
occasional onset of tachycardia, have been recorded by Lewis® in his 
work on tachycardia produced by the ligation of the coronary arteries 
He observed tachycardia very frequently following the ligation of the 
right coronary artery, and in one instance following the ligation of the 
ramus descendens anterior The majority of these tachycardias 
described by Lewis did not develop until after one hour subsequent to 
the ligation He concluded that even a large number of his dogs would 
have developed the normal rhythm if he had observed them over a 
longer period of time Six out of ten of his animals regained the 
normal rhythm after developing tachycardia , the remaining four went 
into ventricular fibrillation and died In our series, four dogs in which 
the ramus circumflexus sinister was ligated, developed, within forty 
minutes, tachycardia which ended in ventricular fibrillation and death 

4 Herrick, J B Clinical Features of Sudden Obstruction of the Coronarj^ 
Arteries, Jour Am Med Assn , 1912, 59, 2015 

5 Lewis The Experimental Production of Paroxysmal Tachycardia and 
the Effect of Ligation of the Coronary Arteries, Heart, 1909-1910, 1 , 43 
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Dog 18, m which the ramus ciicumflexus sinister was ligated, uas 
observed on two different occasions m an attack of tachycardia weeks 
following the operation The animal \\as in fine condition at the 
necropsy ^^hlch was fifty-nine days from the time of ligation We ha\e 
previously stated that the frequency with which paroxysmal tachy- 
cardia de^ eloped subsequent to the ligation of the ramus circumflexus 
sinister and the right coronary arteiy may explain the death of many 
of these animals the night following the operation This supposition 
IS made e\en more plausible b)'’ the fact that we observed one animal 
die in one of these attacks twenty-four hours following operation 

Ventricular fibrillation \^ as observed m six cases In four instances 
this abnormal rhythm was preceded by tach 3 fcardia and in the remain- 
ing t^^o b}' auricular fibrillation and auricular flutter Ventricular 
fibrillation in the dog invariably ended in death We observ^ed one case 
in which v\e believe the normal rhythm vv^as reestablished Recov’^ery 
in small animals is very common Gunn® observed this feature in rats 
MacWilhams’ reported recovery in dogs, and recently Robinson and 
Bredeck® hav^e described a case in man in which the normal rh}thm 
returned after a v entncular fibrillation had been well established 

The changes in the T-wave w^e have alreadv described If con- 
firmed, these observations may be of considerable v^alue from a diag- 
nostic point of view, at least as concerns the left coronary artery The 
early exaggeration of the T-vvave, its marked negative drop below the 
line within twenty-four hours and its more gradual return to its posi- 
tive position and its final iso-electric or negativ e location were so char- 
acteristic in dogs watched for several da)’'s, that similar changes in the 
wave in man might reasonably be supposed to be due to similar lesions 
In fact, one case in man, which will be reported later, was observ ed in 
which a clinical diagnosis of coronary thrombosis was made by Dr 
James B Herrick vvdiich was v'erified later at necropsy The T-vvave 
of the electrocardiogram of the patient ran a course similar to that of 
the dogs previously described In other cases believed to be coronary 
thrombosis similar changes in the electrocardiogram have been seen but 
no verification of the diagnosis has been made, the patients either living 
or no necropsy having been obtained 

122 South Michigan Avenue 

It IS a great pleasure to acknowledge my indebtedness to Dr James B 
Herrick for his many suggestions and to Dr E M Miller who assisted in the 
f]rst thirty-three operations 

6 Gunn Ventricular Fibrillation in Rats’ Hearts, Heart, 1913-1914, 5, 1 

7 MacWilhams Jour of Physiol , 1887, 8, 296 

8 Robinson and Bredeck Ventricular Fibrillation in IMan v\ith Cardiac 
Recovery, The Archives Int Med, 1917, 20, 225 
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THE CLINICAL REGISTRATION OF CARDIAC 
MURMURS BY THE DIRECT METHOD ^ 

CARL J WIGGERS, MD 

NEW YORK 
I INTRODUCTION 

The need of a simple yet efficient device for recording heait 
sounds, in conjunction with pulse tracings and electrocardiograms, 
caused Dean and the writer to experiment extensively with various 
forms of apparatus designed to record heart sounds directly This 
experimental work, together with a careful study of published records, 
cominced us that at the time no so-called “direct method” of sound 
legistration was satisfactory^ for clinical use Further experimenta- 
tion then led us to modify the Frank segment capsule so as to render 
it more sensitive and protected from extraneous sounds ^ A mechan- 
ical diagram of the apparatus, as improved in minor details, is drawn 
to scale m Figure 1 

By this apparatus satisfactory records of normal heart sound'-' can 
be obtained provided certain simple principles are followed The clin- 
ical adaptability of these capsules could not be guaranteed, however, 
until their ability to record cardiac murmurs w^as established Such a 
test under hospital conditions was made possible during the months of 
January and February, 1917, in the wards of the Second Medical Divi- 
sion of Bellevue Flospital through the courtesy and cooperation of 
Drs Coleman, Du Bois, Goodndge, Meara, Miller and Niles For this 
purpose the capsules were mounted on a table wdiich could be wheeled 
to the bedside in the wards To the collection of phonocardiograms 
thus recorded simultaneously with optical records of the jugular, sub- 
clavian or radial pulse were added others from cases kindly diagnosed 
and referred to the physiological laboratory from the Cornell Medical 
Dispensary by Dr Sheldon The records published in this paper as 
typical samples of different types of murmurs are offered as evidence 
that in the majority of cardiac diseases the recognized auscultatory 
signs can be satisfactorily recorded by this single method 

* Submitted for publication Feb 7 , 1918 

■^From the Physiological Laboratory, Cornell University Medical College, 
and the Second Medical Division, Bellevue Hospital 

1 Wiggers, Carl J, and Dean, Archie, Jr Principles and Practice of Reg- 
istering Heart Sounds by Direct Methods, Am Jour Med Sc, 1917, 153, 666 
Ibid , The Nature and Time Relations of the Fundamental Heart Sounds, Am 
Jour Physiol , 1917, 42, 476 
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II THE DIFFERENTIATION OF SOUNDS AND MURMURS IN 

PHONOCARDIOGRAMS 

Sounds and murmurs present distinct differences in quality to the 
ear In phonocardiograms both are composed of a sequence of vibra- 
tions, irregular as regards botli their individual amplitudes and periods 
It IS therefore impossible to differentiate sounds from murmurs on a 
basis of the regularity, frequency or amplitude of their component 
vibrations What, then, are the criteria that differentiate murmurs 
from sounds m phonocardiograms^ Previous investigators have 
emphasized the importance of establishing the time relations of the 
vibration groups to other records, such as the pulse or electiocardio- 
gram This is alva 5 ^s most helpful and, when the sounds are very 
abnormal, often absolutely necessary Normal sounds have, howrever, 
a characteristic grouping of vibrations which though it varies in dif- 



Fig 1 — Mechanical diagrams of heart-sound apparatus Figure to right, 
section through X-Y, scale two tliirds actual size, C, tube connecting with 
stethoscope bell , P, stopcock regulating opening in sj stem , D, rubber film cov - 
ering segment capsule, M, mirror, O, conical v^ent communicating with exte- 
rior to equalize pressure in chamber , S, S', springs , T, screw for adjusting 
reflected beam of light horizontally, T', screw for adjusting same laterally, R 
rod for clamping apparatus to ngid support, W, glass window for protecting 
membrane from extraneous vibrations (Kindly draw n bj G F Soderstrom ) 

ferent individuals, the e}e soon learns to distinguish as a sound com- 
plex The characteristics of sounds are far more difficult to describe 
than to visualize Two phonocardiograms showing such normal sounds 
are shown in Figure 2 In B the second sound was somewhat accentu- 
ated and, therefore, relatwe to the first sound, of larger amplitude 
The first sound (I) is of longer duration than the second (II) Both 
sounds reach a maximum amplitude rapidl} and, after a swift decies- 
cendo, stop abruptly If there is any single characteristic that most 
unfailingly differentiates sounds from murmurs m phonocardiograms 
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it IS the short duration and abrupt cessation of the '‘sound vibrations’’ 
as cdntrasted with the more prolonged nature of the murmurs This 
IS in entire accord with our conception of the causes of sounds and 
murmurs Neither are sounds m a physical sense but belong to the 
category of “noises ” The so-called “heart sounds” owe then necuhar 
auditory quality to the fact that vibrations of irregular sequence and 
amplitude are suddenly produced by the action of a temporary force 
hence the damped vibrations soon cease Murmurs, on the othei hand, 
owe their auditory quality to the fact that vibrations of an iiregulai 
nature are produced by a continued force, usually though net alv^^ays 
of less intensity than that responsible for sound vibrations 

In order to analyze phonocardiograms it is essential first to recog- 
nize the “sound complexes” and then to refer the lemaimng vibrations 



Fig 2 — Phonocardiogram showing normal heart sounds In B the second 
sound IS accentuated 

/ 

to murmurs In doing this it is necessary, however, to discount rei- 
tain unavoidable, accidental vibrations, much as m microscopic diag- 
nosis we disregard artefacts of fixing and staining, or as in ausculta- 
tion the ear is trained to disregard adventitious sounds In the phono- 
cardiograms of Figure 2 there may be observed between the sounds 
small vibrations (X) due to such extracardiac vibrations These are 
sometimes somewhat larger and must not be confused with muimurs 
In cases in which marked dyspnea is present or other pulmonary 
sounds are pronounced, they may occasionally obscure murmur^ 
entirely This is also the case when the murmurs are very soft and 
the accidental vibrations no greater than normal 
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Fig 3 — Phonocardiogram showing, in addition to heart sounds, systolic 
friction rub (SR) and diastolic friction rub (DR) Lower record, radial pulse 



Fig 4 — Phonocardiogram and jugular tracings from case of aortic insuf- 
ficiency Phonocardiogram shows, in addition to first sound (I), presystolic 
(PM), systolic (SM), and diastolic (DM) murmurs Systolic and diastolic 
murmurs are also shown superimposed on the regurgitant wave (RV) of the 
jugular tracing 



Fig 5 — Phonocardiogram and subclavian pulse from case of auricular 
fibrillation Phonocardiogram shows in addition to heart sounds, a diastolic 
murmur Systolic murmur heard on auscultation was not recorded 
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III DESCRIPTION OF PHONOCARDIOGRAMS IN DIFFERENT 
CARDIAC LESIONS*’' 

Case J-2 — Mr W D Acute Pencardths Systolic and diastolic friction 
rub best heard over the right border of the sternum but distinctly audible at 
the apex (Dr Coleman) 

From the areas where sounds were heard with greatest intensity by 
the ear, no satisfactory records either of the heart sounds or the fric- 
tion rub could be obtained Over the apex, as shown in Figure 3, the 
first sound (I) is apparently normal, varying in amplitude with inspira- 
tion and expiration as is normal The second sound (II) is barely 
indicated The periods of systole (I to II) and diastole (II to I) are 
filled with a regular series of vibrations of high frequency (SR, DR), 
quite different from the accidental vibrations usually present They 
are present very clearly during all the penods of diastole, but are only 
occasionally present as distinct vibrations during systole The second 
cycle of Figure 3 shows both the systole (SR) and diastole friction rub 
(DR) clearly 

Case T-3 — Mrs E G Aortic Insufficiency Rough diastolic murmur over 
aortic area transmitted across the sternum, loudest at the level of the third rib 
Presystolic (Flint) and systolic murmurs over apex Systolic and diastolic 
murmur audible in supraclavicular region Radial pulse gives tactile impres- 
sion of a collapsing pulse (Dr Afiller) 

Phonocardiograms taken from the apex region (Fig 4) show the 
vibrations of the first sound (I) clearly They are abnormal in char- 
acter The second sound is entirely absent Preceding the first sound 
there occurs regularly a group of presystolic vibrations (P) corre- 
sponding to the presystolic murmur heard on auscultation Following 
the first sound and filling the period of systole are a group of vibra- 
tions (S) which probably correspond to the systolic murmur but could 
not be so interpreted without auscultatory aid and the fact that the 
venous pulse contains “regurgitant waves” (RV) (Niles and Wiggers") 
with systolic vibrations (SM) superimposed The second sound is 
replaced by a series of vibrations which extend into diastole (DM) 
and correspond to the diastolic murmur heard best further to the right 
They are also superimposed on the V wave of the venous tracing 
(DM) 

Case J-4 — Mr E D Aunculai dbi illation Mitial lesion Systolic murmur 
at the apex (Drs Du Bois and Barr) 


*A11 records reproduced in this article were reduced in size, consequently 
the smaller vibrations in some records will appear more clearly if examined 
with a magnifying hand lens 

2 Niles, Walter L , and Wiggers, Carl J The Details of the Photographi- 
cally Recorded Venous Pulse in Auricular Fibrillation, and the Significance 
of the Diastolic Waves of the Venous Pulse in Auricular Fibrillation, Jour 
Exper Med , 1917, 25, 1 
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Phonocardiograms taken from the apex (Fig 5) shoi\ Mbrations 
t}pical of a first and second sound (I, II) and in the long cycles a 
third sound (HI) although the latter uas not heard on auscultation 
The character of the first sound \aries from one cycle to anothei, 
uhich IS typical in auricular fibrillation or any other form of irregular- 



Fig 6 — Phoiiocardiogram taken irom same patient as Figure 6 shoi\ing, 
in addition to first and second sounds a presjstolic (PM), sistolic (SM) and 
diastolic (DM) murmur Upper tracing, jugular pulse 



Fig 7 — Phonocardiogram recorded from case of mitral stenosis Note 
peculiar character of first sound and senes of \ ibrations (V) follow ing second 
sound, indicating a diastolic murmur wdiicli could not be heard on auscultation 

ity of the \entricle Aside from these sounds, \ ibrations -which may 
be doubtfully referred to as a diastolic murmur are present (DIM 7) 
No vibrations due to a sistohc murmur distinctl}" heard on ausculta- 
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tion are present in this record By moving the receiving cup shglit'v 
to the right a phonocardiogram was obtained (Fig 6) that shoAved a 
distinct systolic murmur Its character and constancy varied "from 
beat to beat, sometimes following a distinct first sound, as shown in 
Figure 6, occasionally practically replacing the first sound, as shown 
in unpublished records A diastolic murmur is indubitably present m 
this record, although no note of such a murmur was made at the time 
of auscultation The vibrations, in some cycles at least, fill the entire 
period of diastole right up to the next first sound, so that a presystolic 
murmur (PM) can be said to exist 

Case J-5 — Mr J K Mitral stenosis Presystolic murmur having a pecu- 
liar metallic quality and terminating m a sharp first sound Systolic shock 
at the apex, but no thrill (Dr Niles) 

The phonocardiograms recorded (Fig 7) show a very pronounced 
series of vibrations quite difteient from that recorded normally for the 



Fig 8 — Phonocardiogram from case of mitral stenosis, showing, in addi- 
tion to first and second sounds, a presystolic murmur (PM) 

first sound (I) The large wave is evidently indicative of the shod 
felt on palpation and the sharp quality heard on auscultation Flo 
evidence of the presystolic murmur is indicated Unfortunately, no 
other record was obtained, owing to the fact that the patient left the 
hospital 

The second sound is peculiar in character and followed by a series 
of \ibrations (V) that might indicate a short diastolic murmur C? re- 
fill reauscultation failed to elicit such a murmur, howeier (Dr Nilcs) 

C\SE J-6 — Mrs E M Mitral stenosis Loud presystolic murmur over the 
apex (Dr Niles) 
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Many phonocai diograms were taken but all showed nothing except 
an inci eased amplitude of the hist sound and the peculiar chaiacter- 
istics appaiently associated with mitral stenosis Finally a recoid a as 
obtained (Fig 8) that gave cleai indication of such a piesystolic inui- 
mur (PM) running into the vibration composing the first sound 

Case J-7 — Mr A F Mxiial Icswus Diffuse apex pulsation, rough piesys- 
lolic murmur at the apex and ovei the pulmonary area (Dr Niles) 

Phonocardiograms taken fiom the apex area (Fig 9) show a sciie>= 
of presystohc variations (PM) sepaiated by a short inteival from the 
first sound (I) The vibrations composing this sound are of appioxi- 



Fig 9 — Phonocardiogram and jugular pulse found in case with mitral 
lesions, showing, in addition to first and second sounds, a presystohc murmur 
(PM) separated from the first sound and a systolic murmiii (SM) continuing 
throughout systole 



Fig 10 — Phonocardiograni fiom a case of mitral stenosis, showing pre- 
systolic murmur (PM) merging with the first sound 


mately the same peiiod and are immediately followed by variations 
lesponsible for the systolic muimur (SM) The second sound (II) is 
barely indicated and the period of diastole is fiee from muimiii 
vibrations 

Case J-8 — Mr J B Mittal stowsis Loud, long presystohc inurmui end- 
ing m a sharp first sound heard best at the apex (Dr Du Bois) 

Phonocardiograms taken from the apex legion (Fig 10) sho\\'cd 
repeatedly a clearly defined set of presystohc vibrations (PM) ending 
abiuptly in the Mbration of the fiist sound (I) 
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Case J-9 — Mrs G N Decompensation of heart Possible aortic insuffi- 
ciency or aortic dilatation Systolic murmur at the apex Musical diastolic 
murmur at the left second intercostal space and over the sternum (Drs Niles 
and Miller) 

From the area over the aortic region and over the sternum phono- 
cardiograms, such as shown in Figuie 11, were recorded The charac- 
ter of the first sound (I) differs appreciably from normal and varies 



Fig 11 — Phonocardiogram and radial pulse from a case of cardiac decom- 
pensation Probably aortic insufficiency Phonocardiogram shows a short, 
musical diastolic murmur following the second sound 



Fig 12 — Radial pulse and phonocardiogram of case with mitral lesions, 
showing peculiar first and second sound vibrations and a pronounced diastolic 
murmur (DM) which sometimes increased in intensity during mid-diastole, 
as shown at MDM Details in text 

With the phases of respiration The second sound is often indicated 
(II) but IS followed immediately by a diastolic series of vibrations 
having a high frequency and of approximately the same period in suc- 
cessive vibrations, which is typical of musical murmurs It is loudest 
early in diastole and becomes diminuendo 
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Case J-10 — !Mr Z Z Soft blowing systolic murmur at the apex, sixth inter- 
costal space, 14 cm from the midsternal line Presystolic crescendo murmur in 
the left fourth intercostal space Soft systolic murmur and loud diastolic mur- 
mur over the left second intercostal space, transmitted across the sternum 
First sound of poor qualitj', pulse quite large, Corrigan type (Dr Meara) 

Phonocardiograms recorded from the apex (Fig 12) show a senes 
of miscellaneous vibrations from which the first sound could not be 
detected without the guidance of the radial pulse curve With its aid 
they were marked (I) They consisted of a few vibrations quite 
unlike those found in normal hearts and corroborate the auscultatory 
findings of a sound with poor quality No clear evidence of the soft 
systolic blow exists The second sound (II) in some cycles contains 
vibrations of larger amplitude than the first sound and is followed by 
a distinct, iriegular series of vibrations (DM) responsible for the 
diastolic munnur In others, it is entirely replaced by the diastolic 
murmur It is curious how readily diastolic murmurs are registered 



Fig 13 — Radial pulse and phonocardiogram from a case with mitral lesions 
Phonocardiogram shows, in addition to first and second sound, presystolic 
(PM) and diastolic murmurs (DAI), varying from cycle to cycle 

from the apex in cases even when they are not audible in this locality 
but distinctly present over the more basal portions of the heart Fre- 
quently the diastolic murmur develops a series of larger vibrations in 
mid-diastole (MDM) which possibly corresponds to the murmur 
referred to as presystolic in the auscultation notes and heard somewhat 
higher on the left side Incidentally, attention may be directed to the 
fact that the descending limb of the radial pulse, which to the finger 
gives the sensation of a collapsing pulse, falls rather slowly The 
dicrotic notch, however, is low and late in diastole 

Case J-12 — Mrs A R Mitral lesions Apex beat sixth intercostal space, 
presystolic murmur ending in accentuated first sound at the apex Diastolic 
murmur over the second intercostal space and the sternum (Dr Sheldon, Cor- 
nell Medical Dispensary) , also heard over the apex 

Phonocardiograms taken from the apex are shown in Figure 13 
The first sound (I) is indicated by a few large vibrations It is imine- 
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diately preceded by a senes of small vibrations (PM) running into the 
larger Migrations of the first sound These probably represent the 
presystolic murmur heard on auscultation The systolic period is free 
from Mbrations The second sound (II) is composed of two large 
vibrations and is followed after a short interval by a series of coarse 
waves of relatively large amplitude and irregular periods (DM) They 
continue throughout diastole and sometimes merge into the presystolic 
Mbrations or the first sound They correspond to the diastolic murn.ur 



Fig 14 — Phonocardiogram and radial pulse taken from a case with mitral 
lesions, showing, in addition to abnormal first and second sounds, a short 
systolic murmur (SM) and diastolic murmur (DM) ^ary^ng from cycle to 
cycle both as to character and duration 



Fig 15 — Phonocardiogram and radial pulse from a case of mitral regurgi- 
tation, showing systolic (SM) and diastolic (DM) murmurs, together with a 
collapsing pulse in the radial artery 


Ca.se J-13 — Air S C Probable miUal lesion At the apex are heard a 
soft sjstolic murmur and a diastolic rumble varying m duration, quahtj and 
intensitj At times a presjstolic murmur accompanied bj' a thrill ivas present 
(Dr Niles) 

The apex phonocardiogram (Fig 14) shows the first sound (I) 
either entirely supplanted by or continued into a murmur (SAl) 
extending through the early part of systole The second sound ( If ; 
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IS follo^^ed after a short lnter^al by a murmur (DM) composed oi 
coarse, irregular Mbrations In some beats they extend throughout 
diastole, m others, occur onh m the earl} part of diastole No eM- 
dence of a pres} stohc murmur is present in any record The descend- 
ing limb of the radial pulse shous a rapid fall, corresponding to the 
collapsing character felt on palpation 

C\SE T-15 — Mr O E Aortic ntsiifiiittitcy Sjstohc murmur at the apex 
Diastolic murmur o\ er the aortic area and across the sternum Collapsing 
pulse (Dr MilleV) 

Phonocardiograms taken o\er the sternum (Fig 15) shou a first 
sound (I) of abnormal character followed by a series of systolic Mbia- 
itons (SM) representing the murmur heard best o^er the apex in 
auscultation These t ibrations continue throughout s} stole The 
second sound is replaced entirely by a series of \ ibrations (DM) 
which constitute the earh diastolic murmur The descending limb of 
the radial pulse falls rapid!} confirming the tactile impression of a 
collapsing pulse 

IV SUMMARY cr T\PES OF CARDIAC MURMCRS IX 
PHONOCARDIOGRAMS 

HaAing anal} zed the phonocardiograms indiMdualh, it remains m 
conclusion to group the Aarious t}pes of murmurs exemplified m 
a more orderly arra} and correlate them with the auscultator} 
phenomena 

Pt csysfohc Mut mills — A presA stohc miinnur may accompaii} a 
variety of cardiac conditions It is most clear!} recognized in cases 
of mitral stenosis in which the auricle continues to contract regularl} 
and efficientl} In such cases the murmurs increase in mtensit} and 
end m a characteristic snapping first sound from which alone the 
diagnosis may sometimes be made The a ibrations responsible for 
this murmur may be felt as a thrill on palpation and end in a charac- 
teristic s} stohc shock Such murmurs are illustrated in Figures 8 and 
10 When the auricles are fibrillating the pres} stohc murmur does 
not alAA'ays disappear, but the pres} stohc period ma} be filled AAith 
A ibrations continued from the diastolic murmur This is shoAAn in 
Figures 6 and 13 Pres} stohc murmurs may be present in double 
mitral lesions in AAdiich insufficiency predominates In such cases the 
murmur does not necessanh end in the t} pical sharp first sound but 
is separated from it b^' a short interAal, as shoAvn m Figure 9 Final!} 
presystolic murmurs frequently accompany aortic insufficiency TIica 
may be separated from the diastolic murmur by an interial but not 
necessarily as shoAvn in Figure 4 
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Systolic Minimus — Systolic murmurs of soft, blowing character 
most frequently accompany mitral insufficiency They rarely replace 
the first sound entirely, although the character of this sound may be 
altered, as shown in Figures 6, 9 and 14 Systolic murmurs are also 
commonly associated with the diastolic murmurs in aortic insufficiency 
Such cases are shown in Figures 4 and 15 Associated mitral or tri- 
cuspid lesions or aortic stenosis are, no doubt, sometimes responsible 
for this systolic murmur It is possible, also, that the disturbed dynamic 
pressure relations between the ventricles and aorta in a pure insuffi- 
ciency may in itself be sufficient to account for the systolic murmur 
Diastolic Minimus — Diastolic murmurs may be described as early 
diastolic, middiastolic and late diastolic The diastolic murmurs of 
aortic insufficiency usually occupy the early phase of diastole and may 
entirely replace the second sound (Fig 15) They may, however, in 
undoubted cases extend well into the diastolic period, as shown in 
Figures 3 and 4 Musical diastolic murmurs follow the second sound 
and are early diastolic in time, as shown in Figure 11 In no case was 
such a murmur found to extend into the late diastolic period 

Diastolic murmurs frequently occur in mitral lesions when the 
auricles are fibrillating The murmur then vanes from cycle to cycle 
and may fill the entire period of diastole, as shown in Figure 6 They 
may occur also in mitral stenosis while the auricle is regularly con-^ 
tracting but the rhythm of the heart is slow This is exemplified in 
the records of Figure 13 where it is followed m certain beats, by a 
presystohc murmur In complex mitral lesions systolic and diastolic 
murmurs may be so prolonged that they merge, thereby obliterating 
the intervening first sound as an entity (Fig 14) 



THE PREVENTION OF SIMPLE GOITER IN MAN - 


SECOND PAPER 

O P KIMBA.LL, :MD, and DAVID MARINE, MD 

CLE\EL\ND 

In Article P ^^e ga^e a brief re\ie\v of the experimental ^^ork on 
which the assertion is based that simple goiter is probably the easiest 
of all know n diseases to pre\ ent We ga\ e a siirv e)’’ of the incidence 
and t}pes of tinroid enlargement in the schoolgirls of Akron (Ohio) 
from the fifth to the twelfth grades, inclusue, and the plan of pre^en- 
tion used 

The plan in operation was arranged from the standpoint of sim- 
plicity, practicability', economy and tlie possible scientific \alue of the 
data obtained First, a census of the condition of the thyroid gland 
was taken of all girls between the fifth and twelfth grades, inclusne, 
and the findings recorded on individual cards This card w ill be used 
throughout the whole series of obser^ ations, the condition of the 
thy roid noted each y ear and a record of all treatment kept on the back 
of the card 

No 
Naire 

Age W eight 

Grade 

Ton'ils-Adenoids 
Th^ roid 
Simple 
Adenomas 
Thi roid tract 
Duration 
Remarks 

It w as planned that the thy roid examinations should be made by a 
single examiner in order to make the standard used constant, and the 
data obtained uniform At the time of the first examination how- 
e^ er, it was clearly' foreseen that Dr I^Ianne would be called to military- 
duty Therefore, in order that the junior author should be trained to 
examine and classify the cases in the No^ ember examination as nearly 
as possible precisely in the same way as w'as done in the April exam- 
ination, the April examination w'as made by' both authors conjointly 
It IS obvious that much of the value of obser\ ations of this kind must 
depend on the uniformity of the methods and classification 

* Submitted for publication Mardi 2, 1918 

♦From The H K Cushing Laborator} of Experimental Medicine, Western 
Resen e Unn ersit} 

1 The Pre\ ention of Simple Goiter in ^lan. Jour Lab and Clin iMed , 1917, 
3, 40 


Date 

School 

Ph^Slcal De\elopment 
Class Standing 

1 

2 

3 
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The thyroid glands were examined from the standpoint of Nor- 
mals, Slight, Moderate and Marked Enlargements, Adenomas, Per- 
sistent Thyroglossal Tracts, and the girls for gross manifestations of 
myxedema, or exophthalmic goiter No obMOus case of either myx- 
edema or exophthalmic goiter has been found 

Under Nounal we have included all glands (a) which are not 
visible as a bulging of the skin across the trachea, (b) having a barely 
detectable band of thyroid tissue across the trachea on palpation, 
and (c) absence of a well defined thyroglossal stalk (so-called pyra- 
midal process) 

The cases with Enlaiged Thyiotds ha^e been dnided into three 
arbitrary groups (1) Slight, (2) Moderate and (3) Marked Enlarge- 
ment Under Slight Enlai gemeut we have giouped those cases with 
(c) visible bulging of the skin over the thyroid isthmus (except in 
very stout children), and (b) a widened and thickened isthmial band 
or mass on palpation If the isthmus can not be seen or felt, it can 
be felt by having the child swallow while the finger or thumb is held 
against the trachea just below the cricoid cartilage Under Model ate 
Enlai gemcnt we have grouped those with gross defoimity, bulging of 
the neck laterally from the enlarged lobes and marked bulging of the 
skin anteriorly from the enlarged isthmus Under Maiked Enlaige- 
ment we have grouped those cases with excessive defoimity 

Analysis of Thyioid Eramuiaitons — In April, 1917, 3,872 giils of 
the fifth to twelfth grades, inclusive, were examined and the general 
results are given in Table 1 In November, 4,415 giils of the fifth to 
twelfth grades, inclusive, were examined and the new records are 
given in Table 1 The new records each year will be classed in this 
table 

TABLE 1 — Condition of Thyroid Gl\n'd 

Slight Moderate Marked 

Normal Enlargements Enlargements Enlargements Adenomas 

Pupils % Pupils % Pupils % Pupils % Pupils % 

April, 1917 1 688 43 59 1,931 49 88 246 6 35 7 0 18 29 1 01 

Nov , 1917'- 831 47 00 820 46 20 121 t 6 80 

* Fifth grade girls and girls who entered the Akron schools since April, 1917 
T This number is greater than it would be if onl> fifth grade pupils were examined, two 
large schools, one a high school, accidentlj destroyed all records of those girls not taking 
treatment, and therefore had to be recorded as new lecords 

For the prophylactic treatment we selected sodium lodid on the 
grounds of economy and ease of administration Regarding the 
amounts that should be given, we had no data except from animal 
experimentation, and as we have pointed out repeatedly, exceedingly 
small amounts of lodin are effective In all our dispensary work with 
children we have used either syrup of hydriodic acid or syrup of 
ferrous lodid, mice doses daily for two or three weeks, repeated 
twice yearly The dosage is much less than the therapeutic dose of 
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lodids in othei instances in which they are so extensively used, and 
theie can be no leasonable doubt that the action is very difterent 

We, theiefore, arbitianly selected to use 2 gm sodium lodicl, given 
in 0 2 gm doses each school day, for each pupil in the fifth, sixth, 
se\ enth and eighth grades , and 4 gm in 0 4 gm doses each school day 
for each pupil in the ninth, tenth, eleventh and twelfth grades These 
amounts were given in Ma)’-, 1917, but m November, 1917, we gave 
2 gm to each pupil fioni the fifth to twelfth grades, inclusive, since 
this amount in the yeaTs use gave such definite results As was 
pointed out in the previous paper, it was thought likely that the dose 
would be materially reduced This amount (2 gm ) will be given 
again in April, 1918 The tieatment is given at the school by the 
teacher oi principal and the number of doses recorded A record is 
kept, both of those who take the tieatment and of those who do not, 
and all pupils are to be examined annually and the thyroid conditions 
1 ecorded 

A complete leexamination of all giils from the fifth to twelfth 
grades w^as made in November, 1917 There w^ere 1,772 new records 
(Table 1) These include (o) this year’s fifth grade, {h) pupils of all 
grades abo\e the fifth entering Akron schools since April, 1917, and 
(c) all the girls in tivo schools (/lot taking tieatment) wdiose records 
had been accidentally destro 3 fed (see footnote. Table 1) All those 
previously examined w^ere classed either as taking prophylactic treat- 


ment or not taking prophylactic 

treatment 

The results are 

summar- 

ized in Table 2 





TABLE 

2 — SUMMAR\ 






Pupils Not Taking 




Prophylactic Treatment 

Pupils Taking Proph> lactic Treatment 

Pupils 

% 

Pupils 

% 

Tlnroids remained normal 

283 

100 00 

637 

74 0 

Increased from normal to slight goiter 

0 

0 0 

259 

26 0 

Small goiters (unaltered) 

287 

66 0 

759 

87 0 

Small goiters (disappeared) 

141 

33 5 

10 

1 2 

Small goiters (increased) 

2 

0 5 

103 

11 8 

Large goiters (unaltered) 

34 

66 7 

106 

95 5 

Large goiters (decreased) 

17 

33 3 

5 

4 5 

Total 

764 


1,879 


Total number of girls examined 

4,415 





It wall be seen that not a single pupil in wdiom the thyioid was 
normal la'st year and who took lodm, showed any enlargement, while 
of those not taking lodin, 26 per cent show^ed definitely enlarged 
thyroids — some moderately large goiters Even more than a pro- 
phylactic action IS shown in the results — just one third of the goiters 
marked “small goiters” disappeared , and one third of those marked 
“moderate goiters” showed a decrease of 2 cm or more Accordingly, 
a distinct therapeutic effect is clearly demonstrated 

It was suggested by some physicians that we would have many 
cases of lodid rash We spoke of this possibility in every school and 
asked the principal and teachers to look for symptoms and call the 
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attention of the school nurse and physician to every possible case 
There were more than a thousand girls who took the full treatment, 
and only five developed any noticeable rash None of these gave any 
trouble and the condition lasted only three or four days Four of the 
girls continued the treatment and paid no attention to it, while the 
fifth asked to be excused from further treatment and the rash promptly 
cleared up 

As to the possibility of producing symptoms of Basedow’s disease 
by giving lodin (in small doses) to a large number of girls indiscrim- 
inatel)'^, we can say that we have not seen a single instance in which 
any sign of such an effect was produced 

The earnestness with which the school girls have taken up the 
prophylaxis of goiter is encouraging for the practical application of 
this work It IS entirely elective on the part of the girls, and last 
3’^ear 1,080 girls finished the treatment This year approximately 2,000 
girls are taking the treatment 


SUMMARY 

1 Simple goiter can be prevented by the administration of small 
amounts of lodin 

2 One third of the cases of uncomplicated simple goiter disappear 
or are markedly decreased by the use of a small amount of lodin, given 
internally 

3 There is no danger of producing a toxic condition (“Basedow’s 
disease”) 

4 A very small proportion of the cases (at most 0 5 per cent) 
may develop an lodid rash, which promptly clears up on stopping the 
treatment 

We wish to thank Piof H V Hotchkiss (Superintendent of the Public 
Schools), the Board of Education and the Principals of the several schools, 
through whose excellent organization and system, as well as the interest in 
the problem, the work was made possible 



THE CLINICAL SIGNIFICANCE OF THE ABNOR^IALLY 
WIDE VENTRICULAR DEVIATION IN THE 

electrocardiogra:\i 

SELIAX NEUHOF, MD 

XEW YORK 

Electrocardiographic cur\es ha\e gnen us exact and conclusne 
graphic records of many and ^arled t}-pes of cardiac arrh}thmias 
The}’ have also offered some exidence as }et inconclusue regarding 
the presence of right and left \entriciilar h} pertrophies Furthermore 
electrocardiograms ha\ e been of aid in diagnosing mam branch lesions 
of the auriculo\ entncular conduction s} stem , in isolated instances the 
electrocardiographic diagnosis has been supported by pathologic exam- 
ination of the heart Because of the importance and clinical signifi- 
cance of m}ocardial disease attempts are constantly being made to 
interpret the condition of the mtocardium from the electrocardiogram 
In an electrocardiographic stud} of a series of patients v ith ^ ah u- 
lar. and u ith ni} ocardial disease ^ I hat e obsert ed a characteristic 
uhich seems of importance in the diagnosis of myocarditis nameh the 
abnormal tvidtli of the mam detiation of the t entncular complex, com- 
mon!} called the R-t\a\e or the first t entncular spike The vidth of 
the normal R-uate has been tanously estimated Hirshfelder- esti- 
mates It as 0 02 of a second Lewis^ as from 0 03 to 0 04 of a second 
Thousrh not directlv mentioned bv Einthoven’ or Nicolai ^ measure- 
ments of a number of their normal \ entncular complexes gne an 
at erage tt idth of less than 0 05 second All these measurements hat e 
reference to R-ttates of normal form that is those that are neither 
split nor splintered and tthose sides form rectilinear lines tvhich meet 

*Submitted for publication Feb IS 1918 

1 The diagnosis intocarditis is otten made on insufficient grounds for 
example, on the presence of soft murmurs and presumed enlargement of tlie 
cardiac area to percussion Bj m}ocarditis I mean se\ere pathologic damage 
to the myocardium, more often e\ idenced by hypertension aortitis, precordial 
distress, decompensation and the probability of coronary disease rather than 
by auscultatory signs The term cardiosclerosis I mean to apply to clinical 
conditions in vhich in addition to coronary and aortic disease tliere a^e 
assumed to be thickening and degeneratne changes of the vabes and endo- 
cardium in addition to myocarditis 

2 Hirshfelder Diseases of the Heart Ed 2 p 89 

3 Le%Ms Heart 1912-1913 4, 242 

4 Emtllo^en Pfluger’s Arch f d ges Physiol 1912 63, 152 

5 Xicoli, Handb d Allg Path u Krankh d Herz ii Gefasse 3, Part 1 
137 
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at a sliaip angle and form a sharp apex In the measurements of m)'^ 
cases I have included only clean-cut deviations of normal form As an 
arbitrary standard in my series I have adopted a base line width of 
0 07 or over as representing abormally wide deviations From my own 
measurements of many ventricular deviations of patients with normal 
hearts, and from the normal standards of others, I believe that 0 07 of 
a second (or ovei ) probably represents a deviation which has taken an 
abnormally long time for its completion Indeed, in only one instance 
(M G, Case 13) have I found the R-wave of a normal heart wider 
than 0 07 of a second 

Recently, Robinson® pointed out the clinical importance of abnor- 
mally wide and splintered ventricular complexes as evidence of marked 
functional changes in the heart Oppenheimer and Rothschild^ have 
shown that some cases of myocardial disease involving especially the 
subendocardial myocardium, present an R-complex of low voltage, wide 
base and irregular sides They believe this occui s because myocarditis 
in this location interferes with the rapidity and uniformity of the 
spread of the electrical impulse through the heart by involving the 
superficial end branches of the conduction system These observers 
have confirmed the deductions drawn from the electrocardiograms by 
the pathologic study of a number of necropsies Eppinger and Roth- 
berger® have induced experimental destruction of vaiious parts of the 
cardiac musculature by freezing with ethyl chlorid, or by the injection 
of destructive substances Electrocardiograms were taken before and 
after the injections When, for example, a strong nitrate of silver 
solution was injected m the deeper layers of the left ventricle either at 
the base or apex, there was a marked change in the ventricular devia- 
tion Within five minutes after the injection the descending limb 
became shorter so that it no longer touched the base line , this shoi ten- 
ing became progressive so that in about twenty minutes the R and T 
deviations formed practically a monophasic cun'^e Injections of 
nitrate of silver in the superficial layers, or in the anteiior or posterioi 
papillary muscles were not followed by the foiegoing changes in the 
electrocardiogram Injections in the right ventricle were not regularly 
followed by electrocardiographic changes , the most typical consisted in 
a widening and prominence of the S and T deviations I mention 
these experiments m some detail because they have an important bear- 
ing on the present clinical study We must assume that we clinically 
meet with focal myocardial changes probably at times similar in loca- 

6 Robinson, The Archives Int Med , 1916, 18 , 830 

7 Oppenheimer and Rothschild Proc Soc for Exper Biol and Med , 
1916, 14 , 57 

8 Eppinger and Rothberger, Wien Klin Wchnschr 1909, 22, 1091 
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tion and desti uctiveness to the experimental lesions quoted , yet in onl}/^ 
a single instance in a study of very many cases of marked caidio- 
sclerosis did I observe an electrocardiogram which resembled that 
derived from Eppmgei and Rothberger’s experimental injection m the 
deeper layeis of the left ventricle It theiefore seems unwarranted to 
draw deductions of the state of the pathologic process in the human 
heart from the type of experimental damage already quoted This dis- 
crepancy may rest on the fact that the rapid experimental destruction 
of the myocardium produces some special change on the electrocardio- 
gram, or that in almost every instance, m the human heart, where there 
are marked localized changes, there is also damage in other portions of 
the myocardium, that is, the local damage is only part of geneial 
myocardial disease 

In a descnption of cases assuming defectue conduction in one of 
the main branches of the aunculoventricular bundle. Cartel" describes 
as characteristics of these lesions, a Q-R-S time exceeding 0 10 second, 
increased amplitude of the R deflections, and T-waves, often exagger- 
ated and usually in a direction opposite to that of the prominent initial 
deflection The initial deflections themselves are veiy fiequently 
atypical in form in at least one lead , bizarre forms are common The 
assumption of branch bundle lesions in these cases has recently been 
questioned (Oppenheimer and Rothschild^") 

In the cases that I report there has been no reason to assume an 
abnormal path for the impulse, for the electrocardiograms possess none 
of the characteristics of the aforementioned groups Except foi the 
abnormally wide base line, the electrocardiograms are of the usual 
normal types in form and size Some of the de\iations are tall That 
amplitude in itself, however, need not necessarily imply an abnormally 
wide base is shoun in Figure 12, in which R I is quite tall though of 
normal width 

A glance at the summar)' in the accompanying table of cases shows 
that, grouping them by their clinical characteristics, in all instances but 
two (Cases 3 and 5), there was grave disease of the myocardium, that 
IS, myocarditis represented an important part of the clinical entity 
The two exceptions were cases of rheumatic aortic disease, in both of 
which ventricular hypertrophy was extreme That abnormal pro- 
longation of the time of electrical impulse is not due to decompensation 
itself IS evidenced by the fact, as noted in the clinical histones, that 
many of the electrocardiograms were taken when the patients were 
perfectly compensated Ventricular dilatation per se as a cause foi the 
abnormally wide R could be excluded First, there was no evidence of 

9 Carter, The Archives Int Med, 1914, 13 , 805 

10 Oppenheimer and Rothschild, Jour Am Med Assn, 1917, 69, 429 
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any extreme dilatation, certainly not in the compensated cases 
Secondly, m a study of a large senes of cases of decompensated valvu- 
lar lesions, in which cardiac dilatation was presumably a prominent 
feature, I found no abnormally wide R Nor had I there found any 
coi relation between hypertrophies — even extreme — and the width of 
the R deviation Whether m the present study Cases 3 and 4 may be 
regarded as evidence of myocarditis m addition to hypertrophy, it is 
impossible to say 


TABLE 1 — Giving Data of Author’s Cases 


Case 

No 

Clinical 

Diagnosis 

1 

Rhythm ' 

Width of R 
in Hundredths 
of a Second 

1 

Remarks 

1 

Myocarditis, 
coronary disease 

Normal 

RII =0 07 
RIII=0 08 

Arrhj thmin and death 

2 

Luctic aorti 
tis, myocarditis 

Interpolated 
e\tras 5 stole 

RT =012 

RII =0 07 
RIII=0 13 


3 

Eheumatic ! 
aortitis 

Auricular 

fibrillation 

RII =0 07 

Massive ventricular hyper 
trophy, death in one year 

4 

Cnrdionephntis 

/ 

Normal 

RI =0 OS 
RIII=0 08 

Precordial pains 

6 

1 

Rheumatic 

aortitis 

Normal 

RI =0 10 

RII =0 09 
RIII=0 0S 

Massive ventricular hjpei 
trophy 

i) 

Oardionephritls 

Normal 

RI =010 
R1II=0 07 

1 

7 

Oardionephritis 1 

Auricular 

fibrillation 

RI =0 08 

1 Died m uremia coma 

1 

8 

Myocarditis, 

arteriosclerosis 

Sinus 

arrhythmia 

RI =0 08 
RIII=0 08 

1 

y 

Aortic aneurism 

1 

Normal 

1 RII =007 

1 

Moderate amount of myocar 
ditis at necropsy 

10 

Cardiosclerosis | 

Auricular 

fibrillation 

RII =0 08 
RIII=0 09 


11 

Cardiosclerosis 

Normal 

i RI =0 12 

RIII=0 08 

Aneurismal dilatation of the 
aortic arch 


It will be noted from the table that the electrocardiograms showed 
an abnormally wide R in one or two leads, rarely in all three In view 
of the fact that the leads draw off the current from various cardiac 
areas — breadthwise in Lead I, diagonally in Lead II, and lengthwise in 
Lead III — one may possibly assume that the diseased myocardium lay 
more in one plane of the current than the other, thus interfering with 
the quick distribution and spread of the electrical current in that par- 
ticular plane 

It remains to indicate this important fact that while the cases men- 
tioned show abnormally wide ventricular deviations and are apparently 
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indicative of severe m}ocaidial disease, I ha^e obsened cases clinically 
similar to the above with perfectly noimal electrocardiograms The 
reason foi this is not at present appaient 

CONCLUSIONS 

An arbitrar}'’ standard of 0 07 of a second \\ as fixed as representing 
the lover limit of abnormally wide \entiicular deviations which were 
otherwise normal m form and contour Thus standardized, an abnor- 
mally wide R was found in a series of patients, all of vhom, with tvo 
exceptions, showed evidence of marked myocarditis These two were 
cases of rheumatic aortic disease, with extreme \entricular hypertro- 
phy The presence of the vide R seemed to indicate, though its 
absence did not exclude, myocarditis It had no relation to the 
height of the R, tlie pulse rapidity, the cardiac rhythm or to the under- 
lying disease producing the m}Ocarditis In some of the cases, severe 



Fig 1 — Electrocardiogram of A G , Case 1 For description of this and 
tracings of folloving cases see the reports of cases from 1 to 11 In all tlie 
electrocardiograms the lertical lines measure 020 of a second 

decompensation vas present, in others, it tvas absent Though no 
definite statement of the fundamental cause of the abnormally long 
duration of the R phase can be offered, its frequent association with 
myocarditis would make it appear possible that this lesion acted as a 
direct hindrance to the proper normal, rapid piopagation of the vave 
of electrical excitation through the \ entncular musculature 

REPORT OF CASES 

Case 1 — A G, man, aged 54, had complained for tvo jears of indefinite 
precordial pains radiating to the left hand, and of attacks of dizziness He had 
been unable to vork for several months because of these attacks On examina- 
tion, the systolic blood pressure was found to be 166, the diastolic 88 The 
first aortic sound was blurred, the second somevhat accentuated The other 
heart sounds were normal There was slight edema of the legs The urine 
contained no albumin or casts Fluoroscopic examination shoved a normal 
sized aorta, the % entncular outline vas somevhat enlarged to tlie left The 
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electrocaidiogram at that time (Fig 1) showed normal rhythm, R II and 
R III were respectively 0 07 second and 008 second m width The subsequent 
history of the patient was of interest Following the use of digitalis and of 
theobromin sodium salicylate, there was gradual improvement in the symptoms 
for about one year The patient then developed sudden attacks of tachycardia, 
each of which lasted several days The symptoms during these attacks were 
mainly subjective and consisted m the uncomfortable recognition of the rapid 
heart action, dyspnea was slight About one week after the last attack he 
suddenly complained of precordial distress, followed by faintness The patient 
was moderately dyspneic Auricular fibrillation with rapid ventricular activity 
was present A diagnosis of coronary thromliosis was made Five days after 




Fig 2 — Tracing of W Z, Case 2 



Fig 3 — Tracing of H Y, Case 3 


the onset of fibrillation, while sitting quietly on a chair and apparently quite 
comfortable, he suddenly gasped and died within a few minutes The clinical 
diagnosis was myocarditis and coronary sclerosis 

Case 2 — W Z, man, aged 57, entered the hospital with general anasarca 
and the usual symptoms of cardiac decompensation This had been the third 
break of compensation within recent years The physical signs revealed the 
presence of an aortitis and of left ventricular hypertrophy This was cor- 
roborated by roentgenography, which showed in addition, aneurismal dilatation 
of the entire thoracic aorta, and ventricular enlargement which practically 
filled the lower left half of the chest The Wassermann blood examination 
was 4+ On antisj^philitic treatment, Karrell diet, digitalis and theobromin 
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sodium salic 3 late, the patient quickly improved The electrocardiogram 
(Fig 2), taken when the patient was compensated, showed abnormally wide 
ventricular deviations in all leads, especially m the first and third, the 
R widths V ere respectively 0 12 and 0 13 second , R II was 0 07 The clinical 
diagnosis was syphilitic aortitis, myocarditis and left ventricular hypertroph} 

CvsE 3 — H Y, man, aged 31, had acute articular rheumatism six years 
prior to admission Six weeks prior he suffered from what at first appeared to 
be grip, this was soon followed by fever and joint pains He had never had 
any cardiac symptoms until recently Examination revealed markedly throb- 
bing carotid, subclavian, brachial and radial arteries A rough systolic thrill 
was heard over the carotid and over the aorta in the jugulum There was a 



Fig 4 — Tracing of I K, Case 4 



Fig 5 — Tiacing of E O , Case 5 


loud, rough, double murmur over the right base The livei was somewhat 
enlarged The urine contained a trace of albumin and a few granular casts 
The Wassermann blood examination was negative The orthodiascope revealed 
an enlarged and hyperacting aorta, the left ventricle was moderately enlarged 
The electrocardiogram (Fig 3) showed auricular fibrillation, the width of 
R II was 007 The patient developed hemorrhagic erythema of the legs, and 
later, rheumatic joint manifestations He died within three months The 
clinical diagnosis was a double aortic lesion and moderate left ventricular 
hypertrophy 

Case 4 — I K, woman, aged 57, complained for several years of a feeling 
of oppression m the chest and of numbness in the fingers of both hands 
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There were also occasional attacks of nocturnal dyspnea accompanied by 
precordial pains The systolic blood pressure ranged between 180 and 220, 
the diastolic between 90 and 110 There was a metallic second sound over the 
aorta, and a systolic murmur at the apex With the fluoroscope, the aortic 
arch was found enlarged, the left ventricle moderately hypertrophied The 
urine showed a trace of albumin and a few casts R I and R III (Fig 4) 
were each 008 second in width The clinical diagnosis was cardionephritis 
Case 5 — E O , woman, aged 21, had “growing pains” as a child Her 
“heart trouble” began at the age of 10 The chief complaint was palpitation, 
especially after undue excitement The systolic blood pressure was 180, the 
diastolic, 30 mm The classical signs of a double aortic lesion and left ven- 
tricular hypertrophy were present The orthodiascope revealed a violently 
pulsating aorta and massive ventricular hj'pertrophy, as well as enlargement of 
the cardiac shadow to the right The electrocardiogram (Fig S) showed the 
widths of the R deviations as follows R I = 0 09 and R III = 0 08 

Case 6 — A K , man, physician, aged 53, had scarlet fever at the age of 15 
Since then he had had occasional traces of albumin and casts in his urine 
Of late, he had become somewhat dyspneic The systolic blood pressure 
ranged between 175 and 190, the diastolic between 110 and 85 The second 




Fig 6 — Tracing of A K, Case 6 

aortic sound was somewhat accentuated, there was a systolic murmur at the 
apex The liver was somewhat enlarged The urine contained a trace of 
albumin, and granular and hyaline casts There was slight edema of the legs 
The blood Wassermann was negative The orthodiascopic examination 
revealed a somewhat enlarged aorta and cardiac shadow In the electro- 
cardiogram (Fig 6), R I and R III were each 0 07 second wide The clinical 
diagnosis was cardionephritis 

Case 7 — I W woman, aged 45, was brought to the hospital in a comatose 
condition The only history obtainable referable to her present condition was 
that SIX years previously, when pregnant, she lost her eyesight (uremia , 
labor was induced and her eyesight returned At the present examination the 
heart was found hypertrophied, there was marked accentuation of the second 
sound at apex and base The systolic blood pressure was 270 mm A blood 
culture was sterile The electrocardiogram (Fig 7) showed that R I was 0 08 
Two days after admission the patient died in uremic coma The clinical diag- 
nosis was cardionephritis 


11 I am indebted to the electrocardiographic department of the Post- 
Graduate Hospital for the privilege of reporting Cases 7 to 10, with their 
corresponding electrocardiograms 
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Case S — S M , man, aged 53 He complained for several years of dyspnea 
and precordial pains, particulaily on slight exertion He had had transient 
attacks of Cheyiie-Stokes breathing, at such times his pulse was arrhythmic, 
electrocardiographic curves showed that the arrhythmia was of sinus origin 
The apex was m the sixth left interspace, 14 cm from the midsternal line 
The heart sounds were faint, there was a soft systolic murmur at the apex 
and a slightly accentuated second sound at the base The radial arteries were 
thickened and tortuous The systolic blood pressure was 190 mm , the diastolic. 




Fig 7 

Fig 7 — Tracing 
Fig 8 — Tracing 



of I W , Case 7 
of S M , Case 8 


110 mm The electrocardiogram (Fig 8) showed that R I and R III were 
each 007 second wide The clinical diagnosis was myocarditis and cardio- 
sclerosis 

Case 9— J J , aged 53, man, had a very large, protuberant aneurysmal tumor 
the size of a large orange, situated at the upper right side of the chest There 
were loud systolic and diastolic thrills and pulsations over the aneurysm 
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there was also a systolic murmur and a systolic thrust at the cardiac apex 
The apex was in the sixth interspace, 1 inch outside the nipple Though the 
patient was somewhat dyspneic at first, there was no marked decompensation 
R I and R III (Fig 9) were each 0 07 The aneurysm was wired After 
some weeks, there were frequent external hemorrhages from the aneurysmal 
sac, the patient gradually succumbed At necropsy, besides the aneurysm, the 
ventricles were moderately hypertrophied and showed a moderate amount of 
myocarditis 
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Fig 9 Fig 10 

Fig 9 — Tracing of J J , Case 9 
Fig 10 — Tracing of J C, Case 10 


Case 10 — C, man, aged 60, was addicted to alcohol During the previous 
two } ears, he had had several mild attacks of dyspnea and of edema ot the legs , 
the last attack occurred one week prior to admission The cardiac apex was in 
the fifth interspace, 12 cm from the midsternal line There was a blowing 
s^stollc murmur at the apex, the second sound at the base was impure and 
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slightly accentuated The arteries were thickened The electiocardiogiain 
(Fig 10) showed auiicular fibrillation, R II was 008 second, R III 0 09 second 
wide The clinical diagnosis was cardiosclerosis 

Cash 11 — M M, aged 65, had rheumatism several yeais prioi to admission 
She had been somewhat dyspneic for several years , of late this symptom has 
become more marked The fiist examination revealed mucous rales over the 
entire chest There was a loud systolic murmur heard over the uppei light 
chest, transmitted into the caiotids and to the left of the scapula posteriorlv 




Fig 11 — Tracing of M 


M , Case 1 1 



Fig 12 Fig 13 

Fig 12 — Elcctiocaidiogiam of a patient with caidiosclciosis, tall R of 
normal width (R==0 04) 

Fig 13 — Electiocaidiogiam of a patient with a normal heait and wide R 
(R 11 = 0 08 R 111 = 0 08) 

There was also a loud systolic muimui ovci the mitral aiea The blood pres- 
suie was normal There was slight edema of the legs The urine showed a 
slight trace of albumin and a few casts In the fiuoioscope, theie was found 
aneurysmal dilatation of the fust portion and aich of the aorta, the heart was 
moderately enlarged R I was 012 and R III 008 in width (Fig 11) The 
clinieal diagnosis was caidiosclerosis 
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THE VALUE OF TESTS OF KIDNEY FUNCTION 

A DISCUSSION or KIDNEY FUNCTIONAL TESTS WITH ESPECIAL 
REFERENCE TO THEIR PROGNOSTIC VALUE 

LEWIS F FRISSELL, MD, and ICARL M VOGEL, MD 

NEW YORK 

The use of the tests oi kidney function has become so common a 
procedure in our hospitals m the past few years tliat little time need be 
wasted in recapitulating them In general, four principles are involved 

1 The determination of the rate of excretion m the urine of a 
known amount of a chemical substance, injected or ingested 

2 The determination of the degree of retention in the blood of 
various normal metabolic products 

3 The comparison in a patient on a known test diet of the ingestion 
and excretion of nitrogen, sodium chlorid, water, etc 

4 A determination of the ratio between the concentration of vari- 
ous metabolic products, ordinarily urea, m the blood, and their excretion 
in the urine, the result being expressed as a ratio of excretion oi 
coefficient 

Of the first group, the procedure most widely used is the phenol- 
sulphonephthalein test of Rowntree and Geraghty, which determines 
the amount of the dye excreted in the urine during a two-hour period 
following the intramuscular injection of a definite amount Indigo- 
carmin is also uged, and in a recent communication Thomas and 
BirdsalP say that they consider it more trustworthy than phenolsul- 
phonephthalein 

Other tests are the lactose and potassium lodid tests used by 
Schlayer and Takayasu, as being analogous to the urea and sodium 
chlorid normally excreted Theoretic objection to tests of this group 
may be made on the ground that the reaction of the kidney is tested to 
a foreign substance, and that normal metabolic pioducts might and do 
show a different excretion late 

In the second group, the concenti ation of the various nitrogenous 
constituents of blood has been particularly studied, and owing to the 
more recent methods of blood analysis introduced by Folin and Denis, 
Marshall, Van Slyke, Cullen, Benedict, and others, their determination 
has been rendered both easier and more accurate Nonprotein nitro- 
gen, urea nitrogen, uric acid, and creatmin have been the substances 
investigated, and much light has been thrown on the amounts normally 
present and their retention in pathologic conditions Here, too, theo- 

* Submitted for publication Feb 19, 1918 
From St Luke’s Hospital 

1 Thomas and Birdsall Jour Am Med Assn, 1917, 69, 1747 
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letical objection to the value of the tests may be made on the giound 
that they do not diiectly take into account the ingestion of fluid or pro- 
tein, and that the concenti ation of the substance in question may be 
alteied by eithei one of these factors, also, that the late of excretion 
not being known, we do not know whether the concentration is being 
inci eased oi diminished 

The third method, a study of the excietion of substances normally 
eliminated, mainly of the water, nitiogenous bodies, and salt, and the 
comparison of these with the amounts present in the diet is a proceduie 
elaboiated by Hedinger and Schlayer, and in tbe United States paiticu- 
larly studied by Mosenthal This method, while having much to com- 
mend it, since the analytical piocedtiies required aie simple and there 
is a minimum of distuibance to the patient, is somewhat troublesome 
since it demands weighed diets and the accurate collection of numerous 
specimens of urine — not always an easy matter to secure in a general 
ward, as all of us who have had our struggles with caieless orderlies 
realize only too well The method further presupposes that the kid- 
neys aie the only factor in letention, which, as in the salt retention of 
pneumonia, we know is not always the case 

The fouith method, a comparison of the concentration of the salts, 
urea pai ticularly, in the blood, with then excietion in the urine, the 
result being expiessed as a foimula, was suggested by Ambaid, and the 
numerical result obtained is known as Ambaid’s coefficient This 
coefficient expi esses mathematically the latio between the concenti ation 
of uiea 111 the blood and its excretion in the mine, the noimal numeiical 
expiession of which is 0 080, deficiency in function lesulting in higher 
values 

At the time of Ambaid’s woik in 1910, the determinations of urea 
in the blood were inaccuiate and his formula was nevei widely used, 
but the piesent urease method of detei mining blood uiea devised by 
Marshall and modified by Van Slyke, and the utilization of Anibard’s 
la\^>y McLean have resulted in the latter’s so-called index of uiea 
excretion, which gives the more readily remembeied numerical expies- 
sion of 100 as a normal, with lower readings due to deficient kidney 
function Very high leadings, however, are sometimes encountered in 
noimal individuals and the meaning of these high variations is obscure 
Fortunately the fluctuations in the lower pathologic leadings aie not so 
frequent though occasionally seen This method has also the advan- 
tage of diiectly detei mining the blood urea, which forms one of the 
factois in the mathematical formula, and may be used for a check as a 
direct determination 

During the past three yeais there have been made in the chemical 
laboratory of St Luke’s Llospital numerous determinations covering 
the various forms of these tests Of several thousand blood analyses 
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from many different types of cases, we wish to report only those made 
m definite cases of nephritis Of these, the total number is 124, includ- 
ing over 1,500 separate tests, m most instances covering the complete 
series of analyses, that is, determination of McLean index, phenol- 
sulphonephthalem excretion, urea nitrogen, and nonprotem nitrogen 
As our work confirms that of others in that abnormal finding are 
rarely encountered when the kidneys are unaffected, we have rejected 
those cases in which the disturbance was purely cardiac, with con- 
gested kidneys, and also such conditions as pernicious anemia, pneu- 
monia complicating nephritis, etc , in ordei to narrow our problem to 
nephritis per se 

This reduces our list to 112 patients, on whom over 1,400 obseiva- 
tions were made, covering more or less completely the entire series of 
tests As abnormal in the above sense, we took a phenolsulphone- 
phthalein below 50, nonprotem nitiogen above 35, and urea nitrogen 
above 25 mg per 100 c c For the upper limit of normal blood urea 
we adopted McLean’s figure of 0 5 gm per liter, and 80 as a urea index, 
so as to eliminate those cases only slightly deficient in function 

The phenolsulphonephthalein test was made according to the intia- 
muscular technic of Geraghty and Rowntiee The nonprotem nitrogen, 
creatinin, and uric acid determinations were made according to the 
methods of Fohn and Denis, with modifications introduced by Benedict 
and others For the estimation of blood urea, Van Slyke and Cullen’s 
modification of Marshall’s urease method was employed McLean’s 
index of urea excretion was calculated according to his foimula, the 
urine being collected over a seventy-two-minute period with the speci- 
men of blood taken at the midperiod, thirty-six minutes 

By means of correspondence and the visiting nurse an effort was 
made to follow up the patients and find out about the present condition 
of all who had left the hospital alive Of the 112 persons with 
nephritis, showing findings of abnormal kidney function, sixty-nine, or 
61 6 per cent , died in the hospital or aftei leaving the institution 
Twenty-foui, or 21 4 per cent, were still living in varying conditions 
of health on the first of July, 1917, while nineteen patients, or 16 9 per 
cent , could not be traced In general, the results given by all these 
tests are strikingly consistent, and the high percentage of fatal cases, 61 
per cent , in a series of 112, is in accord with the indications furnished 
by the functional tests 

An effort was made to record graphically the course of renal func- 
tion from the time of first observation to the time of death (Fig 1) 
Our sixty-nine fatal cases are, of course, far too few to give a reall} 
accurate representation of such a curve, but as in many of them we 
have observations extending over a period of weeks or months, in one 
case over two years, the resulting curves, based on 685 sepaiate deter- 
minations, are at least suggestive The number of observations is, of 
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couise, far in excess of the number of patients, and paiticularly in the 
case of phenolsulphonephthalem, blood urea, and the urea index, suf- 
ficiently large to be of value duiing the last three months of the patien<-’s 
life 

The figures on uric acid and creatinin, except during the last two 
weeks of life, aie too few to be of much statistical value At this period 
they aie uniformly high The average shown by the curves of phenol- 
sulphonephthalem, nonprotein and urea nitrogen, and the urea index, 
seems to indicate a method which, if checked by a laige number of 



Fig 1 — Curves based on 685 determinations 


observations, might piove valuable in arriving at an aveiage expectation 
of life foi a given determination 

The curves for the nonprotem nitrogen and urea nitrogen show a 
rapid rise during the three months preceding death, while during the 
earlier months there is a tendency for the curves to maintain a con- 
stant level The elevation at the fifth month which disturbs the sym- 
metry of the curves is caused by a single case in which the values were 
so high that the averages were dispioportionately raised 

Many individual patients of course will have high retention values 
and still continue to live, as in the case of No 110,796 (Fig 3) who, 
five months after showing such figures as nonprotem nitrogen 160, urea 
index and phenolsulphonephthalem close to 0, was still living Others 
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With normal a alues will die of uremia, for this high retention of normal 
substances is but the expi ession of abnormal function, and we must not 
blind ourselves to the fact that tlie actual poison in uremia is unknown, 
and that we have no test A\hich expresses either its retention, or rate of 
excretion, yet, in the long run, the higher retention \ alues and the 
lower excietion ratios indicate a kidney functionally so damaged as to 
be incompatible with life 

A second chart, based on 450 determinations, has been prepared 
shoAvmg the aierages of those cases still living July 1, 1917 (Fig 2) 
This of course has not the value of the first, and the curves show greal 



MONTHS 

Fig 2 — Curves based on 450 determinations 

11 regularity As an arbitrary date, July 1 ivas selected as the terminal 
point, and the series probably includes cases shortl}’’ to prove fatal, but 
the error tends toivard the inclusion of abnonnal rather than of noimal 
values 

One patient, 112,766 (Fig 4), the course of ivhose disease ivas fol- 
loAved for over three years, shoived in her phenolsulphonephthalein 
tests this impaired kidne}'^ function, her reading in 1913 being only 32 
per cent She continued for many months ivith headache, slight hyper- 
tension, and urine of a specific gravity of 1 012 to 1 015, occasional^ 
exhibiting slight exacerbations, shoiving the long period of time over 
Avhich sev ere functional incapacity of the kidney may exist until death 
finally ensues 
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Jonas and Austin- lia\e ciiticized the McLean index on the giound 
that the blood uiea detenninations aie much easier in technic and 
equally ^aluable In suppoit of this contention, the authois cite then 
series in which only t^^ o cases appeared in which the index was abnor- 
mal and the blood urea noimal They state coirectly that some diftei- 
ence of opinion exists as to what constitutes an abnormal blood urea, 
McLean’s^ belief being that the normal range extends from 0 2 to 0 5 
gm per litei, ^^hlle Tileston and ComforL give 0 25 to 0 34 as normal 
limits In our series 246 detenninations show abnormally low indexes 



Fig 3 — Note diminution in blood nitrogen retention during star^atlon 
period without alteration in phenolsulphonephthalem output or urea index 
The record also illustrates the extreme retention values rarelj seen o\er long 
periods 

Taking Tileston’s normal as correct, thirt 3 f-nine, or just under 15 per 
cent , had normal blood urea values, while eighty-six, or 33 2 per cent , 
were within the normal range, if McLean’s contention be correct Our 
results therefore seem to prove that the delicacy of the index of urea 
excretion is much greater than that of a simple blood urea determina- 

2 Jonas and Austin Am Jour Med Sc , 1916, 152 , 560 

3 McLean Jour Exper Med , 1915, 22, 212 

4 Calculated from values of urea nitrogen given by these authors in The 
Archives Int Med , 1914, 14 , 620 
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tion Fifteen to 33 per cent is far too great a disci epancy to disregard 
McLean'^ has recently published two cases in which the state of urea 
excretion was studied at different levels of protein metabolism These 
observations confirmed those of Widal and Javal and showed that the 
state of the function of urea excretion remained unchanged even 
though great alterations m the concentration of urea in the blood took 
place 

As a means of following the effect of diet, diuietics, etc, these 
methods have a veiy real value Take for instance the chart of No 
110,796 (Fig 3), a sufferer from chronic interstitial nephritis with 



Fig 4 — Showing the average type of case of moderate impairment of kid- 
ney function of several years’ duration, with sudden rise in retention values 
and fall in phenolsulphonephthalein output during the last weeks of life 


convulsions This patient was kept from February 11 to March 11 on 
a diet extremely low in nitrogen, at times containing almost no protein, 
and never above 30 gm The amount of blood urea on this diet fluctu- 
ates between 0 7 and 1 1 gm per liter, while on the resumption of a diet 
containing approximately 50 to 75 gm of protein the figures are raised 
to 1 55 to 2 1 gm per liter Neither the urea index nor the phenol- 
sulphonephthalein, howeA^er, rose during this starvation period, and the 


5 McLean Jour Am Med Assn, 1917, 69, 437 
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patient’s condition, in spite of her improved blood urea letention, and 
her extreme nitrogen starvation, did not change mateiially She left 
the hospital against advice and six weeks later was found by the visiting 
nurse in about the same condition, but it has been impossible to ascer- 
tain the subsequent couise of her case The results of the tests in this 
instance also illustiate the value of the index as compaied with the 
simple determination of the blood retention products 

On the other hand, the improvement of Patient 111,478 (Fig 5) 
with a chronic diffuse nephiitis, abundant albumin and casts, and with 
a “1 — j — 1 — 1- Wasseimann accompanying a possible syphilitic nephiitis 
IS shown following the administration of a single dose of arsenobenzol 
after a preliminary period during which his tests, paiticularly his 



Fig S — Chart of a fatal case showing temporary improvement after admin- 
istration of the arsenobenzol brand of arsphenamm 


salt balance, were much impaired The improvement was gradual, 
lasting until his discharge from the hospital, but it was subsequently 
learned that he died two months later 

In conclusion, it may be said 

1 The kidney functional tests have a real prognostic value, paiticu- 
larly if the results are constantly abnormal on repeated examination 

2 The higher values for the blood retention products are found 
mainly in the terminal stage 

3 By plotting the curve of a very long series of cases it should be 
possible to arrive at an average expectation of life as indicated by any 
individual determination 

4 The value of diet and drugs may in the future be shown more 
clearly by these methods than by any others now available 
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TABLE 1 — Findings in Six.ty-Nine Fatal Casts — {Continued) 










TABLE 2 — Findings in Forty-Three Living Cases 
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STUDIES ON RENAL FUNCTION DURING AND 
IMMEDIATELY FOLLOWING SOME OF THE 
ACUTE INFECTIOUS DISEASES ' 

CHANNING FROTHINGHAAI, MD 

BOSTON 

It IS well known that definite anatomic lesions may occur in the 
kidney during the course of almost any of the acute infectious diseases 
These lesions aie usually, if not always, associated with clinical signs 
such as edema, scanty urine, the appearance of albumin in the urine, 
or abnormal findings in the sediment The renal function as studied 
by vaiious special tests is much impaired in these cases, as has been 
shown by Schwartz and McGill ^ Naturally such acute lesions in the 
kidney often result in permanent anatomic injury to the kidney, with 
oi without disturbance in renal function 

In other cases during acute infections it is not uncommon to find 
albumin and casts in the urine without any other clinical evidence of 
renal disturbance Also, during the course of an acute infection, 
there may be a decrease of substances normally found in the urine, 
such as the low chlorid content of the urine in pneumonia It is not 
always clear whether these variations are due to renal disturbances or 
not Still other cases during the course of acute infections fail to show 
any evidence of renal disturbance by the usual routine examination of 
the urine The question arises whether or not these cases without 
apparent renal involvement would show any disturbance in renal func- 
tion by the special tests moie recently devised for the purpose, either 
during the febrile period or soon after This is of especial interest in 
view of the tendency at present to force feedings during the course 
of many of the acute infections, which presumably puts an increased 
load on the kidneys 

Amid the variety of tests for renal function which have received 
considerable attention of late years, three or four stand out as being 
the most satisfactory for ordinary clinical work In this clinic at pres- 
ent the renal function is studied by Rowntree and Geraghty’s- test for 

* Submitted for publication March 23, 1918 

^ From the Department of Medicine, Harvard University, and the Medical 
Clinic, Peter Bent Brigham Hospital 

* Presented at the meeting of the Association of American Physicians, 
May, 1917 

1 Schwartz, H, and McGill, C The Archives Int Mfd, 1916, 17 , 42 

2 Rowntree, L G, and Geraghty, J T Tour Pharmacol and Exper 
Therap , 1909, 1 , 579 
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the elimination of phenolsulphonephthalem in the urine after intra- 
muscular injection, the estimation of the blood urea by the urease 
method of Van Slyke and Cullen,® and the estimation of the index of 
uiea excretion as determined by McLean’s^ formula based on Ambard’s 
laws In addition, the renal function is investigated by studying the 
output and concentration of the urine and also of the sodium chlorid 
and nitrogen m the uiine, collected at two-hour intervals during a day 
m wdiich the patient is on Chiistian’s® modification of the renal test diet 
devised by Hedinger® and Schlayer 

Although the last mentioned test is probably more comprehensn e 
than the others, it is not so well adapted for acute infections, m which 
the patients often can not eat the requiied diet and find difficulty in 
voiding mine eveiy two hours Studies on renal function by means of 
some one or more of these tests during the course of acute infections 
have been reported by a few observers Thus Tileston and Comfort," 
in 1914, reported on the urea in the blood m various acute processes 
They found the nonprotem nitrogen and urea of the blood elevated, in 
cases of pneumonia during the fever, but not elevated in typhoid fever, 
acute rheumatism and uncomplicated scarlatina Schwartz and Mc- 
Gill,’- in 1916, reported an increase in the blood urea and diminution of 
phenolsulphonephthalem excretion in many cases of pneumonia and 
some other febrile conditions In epidemic meningitis they found no 
changes m these tests for renal function They did not separate care- 
lully, however, the cases that showed evidence of acute nephiitis from 
Lhose that did not 

In this work the renal function of cases during and just after an 
acute infection was studied by the phenolsulphonephthalem test,® the 
estimation of blood urea,® and the determination of McLean's* index 
of urea excretion In addition, evidence of renal irritation was sought 
for by examination of the urine for albumin, red blood cells and casts 
Usually all the tests weie performed on the same day Occasionally 
the phenolsulphonephthalem test or the ui me examination was done on 
the day following the urea determinations Cases weie selected among 
young people who presented no evidence of chiomc nephritis and no 
e-vidence of acute nephritis as sought for by the usual urinaiy studies 
The results have been grouped by diseases and i ecorded in tables wath 
an accompanying discussion of the findings 

3 Van Slyke, D D , and Cullen, G E Jour Biol Chem , 1914, 19, 211 

4 McLean, F C Jour Am Med Assn , 1916, 66, 415 

5 O’Hare, J P The Archives Int Med, 1916, 17 , 711 

6 Hedinger, M , and Schlayer Deutsch Arch f khn Med , 1910-1911, 
114 , 120 

7 Tileston, W, and Comfort, C W, Jr The Archives Int Med, 1914, 
14 , 620 
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Techmc — The phenolsulphonephthalem was injected intramuscularly as 
originally described by Rowntree and Geraghty and the urine collected after 
the first and second hour The total for the two hours is recorded This 
test and the examination of the urine were made for me by the house staff 
of the hospital, and to them I am indebted At this hospital an excretion in 
t\vo hours of SO per cent of the phenolsulphonephthalem injected is consid- 
ered normal In estimating the index of nitrogen excretion the urine was 
collected over a period of two hours between 8 and 10 a m One-half hour 
before this the patient was given about 200 c c of water At 9 a m the 
blood was collected from a vein and prevented from clotting by oxalate crystals 
The urea nitrogen was determined in the blood and urine by means of the 
urease method described by Van Slyke and Cullen” In this hospital the blood 
urea nitrogen is considered normal when it falls between 10 and 20 mg per 
100 c c of blood The ammonia in the urine was determined according to 
the method used by the same authors In a few of the cases in which the 
urine could not be collected exactly at the end of two hours, it was collected 
as soon after as possible and proper allowances made in estimating the twenty- 
four-hour quantity Just what should be considered a normal index of urea 
excretion is difficult to decide, but the normal probably falls between 70 and 
170 per cent 

TABLE 1 — Tvphoid Fever 
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In Table 1 are recorded the studies on six cases of typhoid fever 
There was no reason to suspect any disturbance of the kidneys in these 
cases and the examination of the urine showed no evidence of renal 
irritation except for traces of albumin in some of the cases The sec- 
ond set of studies for renal function in these cases was not made until 
the temperature had been normal for a week or more In those cases 
in which the elimination of phenolsulphonephthalem was studied it is 
seen that in three of the four cases it was lower during the fever than 
after, yet all the readings were within what v e call normal limits In 
the other case the phenolsulphonephtlialem output was higher during 
the fever than aftei The blood urea remained within normal limits 
both auiing and after the fever In some cases it was slightly higher 
during the febrile period than after, but this variation was not consist- 
ent, for m other cases the blood urea was lov er during the fever than 
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aftei All of these patients were on a high caloiic diet, which they weie 
taking well duung the couise of the fever The index of iiiea excie- 
tion, on the othei hand, in five of the six cases during the fever, was 
consideiably elevated abo\e the noimal and above what it was in the 
same case aftei the tempeiatuie had fallen The indexes of excretion 
when the tempeiatuie was noimal fell within the lather wide limits 
allowed for noimal, although some weie at the lowei end and othei s 
at the uppei edge of the limits The sixth case showed piactically 
noimal indexes dining and aftei the fevei, with the index somewhat 
highei aftei the tempeiatuie was noimal This was appaiently as 
typical a case of typhoid as the othei and no leason for the variation 
from the othei cases was suggested 

In these tables the amount of uiea estimated foi the twenty-foui 
houis, called “D,” and the concenti atioii of the uiea m the uiine, called 
“C,” are also included The cause foi these high indexes duimg fevei 
IS apparently not due to constant vaiiations in any one of the factois 


TABLE 2 — Pneumonia, Type I 
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used in its estimation, so that one is unable to say that the high index 
was due to a constantly low blood urea, or high concenti ation of the 
uiea m the tiime, or inci eased total quantity of urea The mam featuic 
IS that most of these cases put out eithei a largci amount of uiea dm mg 
fever than after oi else in a consideiably more concentrated foi in in 
pioportion to its concenti ation in the blood 

In Table 2 are lecoided foui cases of pneumonia which weie classi- 
fied in Group 1 of Cole’s® classification for pneumococci These foui 
cases showed evidence of lenal irritation by the piesence of albumin 
and casts m the urine duimg the fevei In the two cases m which the 
phenolsulphonephthalem test was studied duimg and after the fevei, it 
showed a better excietion duimg the fever than aftei and was quite 
elevated in one of the cases In the other two cases in which the phenol- 

8 Cole’s Classification Dochez, A R , and Gillespie, L J Jour Am Med 
Assn , 1913, 61 , 727 
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sulphoneplithalein excretion was studied only during the fevei, the 
output was also normal Two of the cases showed an elevated blood 
urea nitiogen during the fever One of these had been given the 
specific antipneumococcus serum the night before , the other had not 
The index of urea excretion in two of these cases was low during the 
fever and returned to normal after In one of the other cases in which 
the blood urea was normal the index was elevated duiing the fever and 
leturned to normal m convalescence In the fouith case the blood urea 
was normal and the index was at the upper end of normal limits during 
the fever This patient (5567) developed an empyema and subsequent 
study m the afebiile period was not done In the two cases with the 
low index dm mg the fevei the output and concentration of the urea 
in the urine was quite high, but not enough so in pi oportion to the blood 
urea to keep the index normal There was no constant variation in the 
relation of “C,” “D” and the blood uiea m the cases with the high 
indexes 

TABLE 3 — Pneumonia, T\rn IV 


Hosp 

No 

Age 

Bate 

i 

Temp 

Blood 
Urea, 
Mg per 
lOO C c 


D 

Inde\ 

per 

Cent 

Phthal 

per 

Cent 

2 Hrs 

Urme 

Alb 

Casts 

RB C 

5553 

33 

11/ 7/16 

104 0 

810 

4 24 

15 77 

221 

50 

Sl tr 

Rare 

0 



11/18/10 

Normal 

11 18 

1 5 63 

1013 

80 

70 

SPTr 

0 

0 

5S29 

38 

12/27/16 

104 0 

12 08 

18 06 

32 02 

298 


SPTr 

0 

0 



1/11/17 

Normal 

15 84 

! 10 9 

20 27 

104 


0 

0 

0 

5D40 

15 

1/13/17 

103 0 

12 08 

19 35 

56 89 

040 

1 70 

VSTr 

Mnnj 

0 



1/30/17 

Normal 

20 7 

1 

13 S3 

15 2 

54 

i Jd 

0 

0 

0 

3940 

20 

1/13/17 

101 0 

25 90 1 

47 25 

42 6 

135 

55 

Trnee 

Num 

0 



2/ 1/17 

Normal 

17 7 I 

817 

17 3 

53 

50 

0 

0 

0 

6203 

23 

2/27/17 

100 5 

13 37 

22 4 

9 44 

90 

55 j 

SPTr 

0 

0 



3/ 6/17 

Normal 

14 45 

1018 

1612 

116 

59 1 

SPTr 

0 

Man^ 

oSlT 

43 ! 

12/23/10 

102 0 

22 83 

17 93 

32 30 

105 

45 1 

VSTr 

0 

0 



Died 





1 






In Table 3 are recorded six cases of pneumonia which belong to 
Group IV of Cole’s classification Several of these cases show evi- 
dence of renal iriitation during the febrile period, as evidenced by the 
piesence of albumin and casts in the urine In these cases during and 
after the fever, the phenolsulphonephthalein elimination was within 
normal limits except in two instances, when it was only just below the 
normal In two of these cases there was considerable variation in the 
phenolsulphonephthalein elimination during the febrile period from 
that after the fever had subsided In one of the cases (5553), however, 
the elimination was more after the fever, in the other (5940) the excre- 
tion was moie during the fever The blood urea was slightly elevated 
during the fever in two of the cases In these two cases, however, the 
index of urea excretion was normal In three other of these six cases, 
howevei, during the fever the index of urea excretion was elevated, 
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and in one of them markedl}^ so In the five cases vliich recovered, the 
indexes of urea excietion veie normal after the fever except in two 
Tnese two showed a moderate diminution of the index dovn nearly 
to 50 per cent It is interesting to note that in one of these cases the 
index had been exceptionally high during the fever, and this suggests 
the possibility of fatigue appearing after the excessive activity In the 
one case in which the patient died, the index of excretion was noimal 
during the fever The relations between “C,” “D” and the blood urea 
do not shoiv any constant variations to account for the variation m the 
indices 

In Table 4 are recorded five cases of acute articular rheumatism, 
in three of which (6203, 6256 and 6222) acute joint symptoms \vere 
present In the other tivo (5774 and 6381) the joint symptoms had 
subsided a few^ days before and the fever was due to cardiac complica- 
tions The evidence of renal irritation, from an examination of the 
urine in all of these cases, did not exist except for possibly verj^ slight 


TABLE 4 — ^Acute Articular Rheujiatism 


Hosp 

No 

Age 

Date 

Temp 

Blood 
Urea, 
Mg per 
100 C c 

0 

D 

Index 

per 

Cent 

Phthal 

per 

Cent 

2 Hrs 

Urine 

Alb 

Casts 

EB C 

6203 

24 

2/27/17 

1010 

19 34 

15 74 

26 39 

76 

50 

VSTr 

0 

0 



3/ 8/17 

Normal 

17 71 

10 83 

11 17 

33 

40 




6256 

28 

3/ 8/17 

100 0 

1817 

236 

3172 

162 


0 

' 0 

0 



3/15/17 

Normal 

20 22 

17 53 

27 78 

98 

52 

0 

1 0 

0 

6222 

32 

3/ 1/17 

100 0 

16 31 

29 32 

31 66 

192 

54 

VSTr 

, Occ 

0 



3/22/17 

Normal 

17 7 

19 3 

29 60 

139 

44 

0 

0 

0 

5V74 

13 

12/30/16 

100 5 

15 47 

46 31 

29 41 

357 

35 

SPTr 

' 0 

0 



1/25/17 

Normal 

9 32 

5 05 

118 

129 

50 

0 

1 0 

0 




to 99 0 







1 


6381 

16 

4/ 5/17 

100 0 

15 38 

401 

380 

427 

67 I 

VSTr 

Rare 

0 



5/ 4/17 

formal 

9 7 

13 46 

181 

305 

72 

I 

0 

0 

0 


irritation in Cases 6222 and 6381 In only one of these cases ivas the 
phenolsulphonephthalein output beloiv normal during the fever In tw o 
others it was below normal after the tempeiature had returned to 
noimal In all the cases the blood urea nitrogen -was practically normal 
duimg and after the fever wnthout any consistent variation between 
the tivo periods In one of these cases the index of urea excretion 
was at the lower limits of normal during the fever, but this same case 
show^ed the index still low’^er after the fever In the four other cases 
the index during the febrile period w'as toward the upper limits of 
normal in the tw^o wnthout symptoms and considerabl}'- ele\ated in the 
twm wnth cardiac complications In one of the cases wuth cardiac 
symptoms the index remained considerably elevated after the tem- 
perature w^as normal In the other cases it became normal after the 
fever except in the one case already mentioned, in which it fell below”^ 
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normal As in the othei group, there are no consistent variations in 
the “C” 01 or the blood uiea content to account foi sanation in 
the index 

In Table 5 are giouped together a few cases of acute infection of 
various sorts Although in two of these cases (6247 and 6009) there 
was some evidence of lenal involvement, they weie included for com- 
paiison In the diphtheiia case the interesting points to be noted are 
the increased index of uiea excretion during the fever and the slight 
diminution of phenolsulphonephthalem excretion after the temperature 
had reached normal Otherwise the tests were normal 

In the case of gonorrheal arthritis, the index of urea excretion was 
consideiably increased duimg the febrile period and in the second test 


TABLE 5 —Miscellaneous 


Hosp 

No 

Age 

Date 

Temp j 

! 

Blood 
Urea, 
Mg per 
100 Oc 

0 

D 

Index 

per 

Cent 

Phthal 

per 

Cent 

2Hrs 

Urine 

Comments 

Alb 

Casts 

RB C 

5b30 

20 

ll/2iyi6 

99 5 

16 3 

29 23 

43 85 

297 

05 

ISTr 

0 

0 

Diphtheria serum 



12/ 5/16 

Normal 

12 53 

4 3 

20 38 

97 

40 

0 

0 

0 

given 11 / 20/16 

5687 

23 

12/12/16 

99-101 ' 

9 55 

24 52 

36 78 

500 

07 

0 

0 

0 

Gonorrheal arthritis 



12/23/16 

Nor -100 j 

10 95 

18 0 

32 4 

374 

58 

0 

0 

0 


5888 

30 

1/ 6/17 

103 5 1 

12 16 

214 

29 5 

254 


0 

0 

0 

Abscess periosteum 



2/ 1/17 

Noimal 

16 90 

25 

14 1 

24 


0 

0 

0 


6151 

43 

2/17/17 

100 0 

24 7 

30 28 

30 88 

44 

50 

0 

0 

0 

Acute gout, obese 



3/ 1/17 

Norm^l ! 

10 54 

13 72 

10 46 

36 

21 

0 

Rare 

0 


6247 

19 

3/ 6/17 

102 0 1 

21 44 

14 36 

8 90 

21 

41 

Trace i 

0 

Some 

Cervical adenitis fol 













lowing tonsillitis 

6247 


3/10/17 

Normal 

13 42 

12 9 

1101 

09 

40 

VSTr [ 

0 

0 

Acute nephritis 

6009 

26 

1/23/17 

102 0 

54 5 

16 5 

23 48 

9 

0 

VSTr ' 

0 

Fev 

Bronchopneumonia 



2/13/17 

>orranI 

10 35 

3 55 

16 61 

41 

50 

0 

Manj 

0 

Acute nephritis 


it was still quite elevated It is only fair to say, how^ever, that at this 
time the temperature still showed a slight afternoon elevation at times 
The index of urea excretion during the febrile period in the case 
which show^ed an abscess of the periosteum was quite elevated, and 
after the fever was unusually low Unfortunately in this case the 
phenolsulphonephthalem elimination was not completed 

In the patient with acute gout and obesity, although the phenolsul- 
phonephthalein elimination was normal during the fever, it became 
lowered considerably after the febrile period The index of urea 
excretion was below the normal in both examinations 

The case of cervical adenitis which from the urine examination and 
clinical picture suggested some renal involvement, showed a phenolsul- 
phonephthalein excretion which was persistently slightly below normal 
during the fever and aftei The index of urea excretion also was con- 
sideiably lowered during the fever but returned practically to noimal 
after the fever 
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In the case of severe bronchopneumonia -with clinical eMdence of 
renal imolvement, the phenolsulphonephthalem ehniination vas noth- 
ing and the index of urea excretion was ^ er}' low In convalescence the 
phenolsulphonephthalem elimination returned to normal but the index 
of uiea excretion onl} returned touard nonnal, still remaining low- 
ered In this case during the febrile period the blood urea Avas con- 
siderabh increased in amount 

These last tw o cases are of interest m that the} show that any renal 
in\ohement which tends to disturb the functional tests more than 
offsets any tendency for the index of urea excretion to be ele\ated, as 
nas been noted to occur in many instances during the febrile period 

It IS evident from glancing at these taoles that in the cases of acute 
infection m which there is no evidence of serious renal inAohement, 
there is no constant impairment of renal fmiction, as showm bv these 
tests, either during or after the acute stage of the infection has passed. 
In some of the cases in the various diseases certain suggestions of 
iinpaiiment of function occur but not consistently enough to draw' am 
definite conclusions Thus, m the group of pneumonia cases of T^ pe I 
tiic blood urea was elevated in two cases during the fe\er and the 
index of excretion lowered m these cases In one case of pneumonia 
T}pe IV, the renal function was slightly below the a\erage in two of 
the tests after the fe^er in a case m wdiich the function had been espe- 
cially active during the feier Also, m one of the cases of rheumatic 
fever the function as showm by the index and phenolsulphonephthalem 
was below' normal after the fever In this case theie had been no 
increase in function during the fever On the other hand the sti iking 
feature about many of these cases in all the groups was the fiequenc} 
of an abnormally high index of urea excietion during the course of the 
fever As this increase in the index was not associated w ith an increase 
in the phenolsulphonephthalem excretion or an abnormally low' blood 
* uiea, in most of these cases it seems more likely that it depends on 
some factors peculiar to fever which aftect this test rather than to a 
hyperactivit} of the kidneys during fe^er Just w'hat the factors are 
w’hicli caused this high index are not made clear b) this stud} 

From these studies it ma}' he concluded that these tests for renal 
function, namelv, the phenolsulphonephthalem elimination the urea 
nitrogen in the blood, and the index of urea elimination, failed to show 
consistent evidence of impaired renal function during the course of or 
followung these acute infections m which the clmical picture or the 
urinary examination bv the older methods showed nothing suggestne 
of acute nephritis 

Peter Bent Brigham Hospital 
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ALKAPTONURIA 
S S SCHOCHET, MD 

CHICAGO 

The occurrence of alkaptonuria is sufficiently rare to justify the 
publication of the following case Only nine of the seventy or so 
recorded cases of alkaptonuria have been reported occurring in the 
states 

As the exact cause of this condition is still unknown and as rela- 
tively few cases have been reported, it seemed well to add this record 
to those which have been published, with the findings and result of 
treatment Fromherz has recently expressed the opinion that many 
alkaptonurics remained unnoticed, and he calls attention to the fact 
that forty-five of the seventy cases have been reported within the last 
fifteen years 

The term alkaptone (from alkah and “to absorb greedily”) 

was first ascribed by Bodeker in 1857 to a substance found in the 
urine of a patient, which possessed two chief characteristics first, the 
power to reduce alkaline copper solutions, and secondly, the property 
of absorbing oxygen from the atmosphere in the presence of alkali, 
and as a result turning to a brown-black color 

The urine may be clear and of normal color when passed, but later 
becomes of a dark brown and finally black color on exposure to the 
air This condition may be present in cases of ochronosis, but is not 
a necessary accompaniment of this affection Gouget has found a 
number of references in the literature of the past to cases of melanuria 
which were probably instances of alkaptonuria Thus, Scnbonius 
(1584), Zacutus and Lusitances (1649) describe cases of young chil- 
dren in apparent health who passed black urine, and Scheneck (1609) 
reports the case of a Monk who presented the same urinary anomaly 
during his whole life 

In 1875 Ebstein and Muller obtained a substance from the urine of 
an alkaptonunc patient by treating the urine with alcohol-ether, which 
formed the reactions given by pyrocatechin This observation was of 
interest because it was the first case in which the opinion had been 
expressed as to what the reactions in alkaptonuria were Fleischer 
next observed a urine which gave similar reactions with those of 
Furbinger in which he was able to demonstrate small quantities of 
pyrocatechin Bodeker in a communication to Furbinger expresses 
the view that his alkaptone bodies might be similar to pyrocatechin 

* Submitted for publication April 9, 1918 
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About this date Baumann leported that pyiocatechm is a noiinal con- 
stituent of lioises’ mine, and that fiequently, if not regularly, is pres- 
ent in vaiying amounts in human urine 

An excess of excietion of the noimal constituent of pyrocatechin 
in the urine led many to the belief that it was identical with alkapto- 
nuria This view was expressed by Salkowski and Leube, who said 
“Apparently identical with pyrocatechin is the alkaptone of Bodeker 
and Fuibingei ” The opinion has been expressed of late that homo- 
gentisic acid (hydioquinon-acetic acid), which is apparently derived 
from tyrosin, is a normal inteimediaiy product in the destruction of 
tyrosni and phenylalanm, that its formation repiesents an oxidation 
which precedes the breaking up of the benzene ring, and that its 
appearance in the urine is an expression of metabolic insufficiency 
which renders the destruction of the benzene ring impossible 


CH.CH(NIT)COOH 


CH=CH(NH»)COOH 


OH 


Phenyl — Alanin 

CH=COOH 
OH 

Homogentisic Acid 


I 



OH Tyrosni 
CHeCHOH COOH 

Uroleucic Acid 


Due to the action of the enzyme tyrosinase on tyrosin and phenylalanm 


In 1886 and 1889 Kirk made a fuithei contribution to our knowl 
edge regarding alkaptonuria The leport is of interest chiefly because 
It IS the first instance recorded in which the mine of more than one 
member of a family presented the characteristics of alkaptonuria The 
opinion was conveyed that the condition may be congenital and occur 
in the offspring of consanguineous mariiages To Baumann and 
Wolkow we are indebted for the most exhaustive study of the subject 
of alkaptonuiia They were able to obtain the “alkaptone” in pure 
form, to asceitain its constitution, and to determine its deiivation as 
a product of tissue metabolism Fiom the urine they isolated in pure 
form homogentisic acid, which has the following formula 

OH 

CoHa^OH 

\ NHa 

'^CHa^OOH 

It ciystahzes in the form of large, tiansparent, piismatic crystals, 
which melt at 146 5 to 147 C and become yellow when fiee from 
water They are not hygroscopic, and aie soluble in water, ether, 
chloioform, benzene and in toluol The authois draw comparisons 
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between homogentisic acid and the glycosuric acid of Marshall and the 
urolencmic acid of Kirk, showing the marked similarity in constitution 
Embden studied another case of alkaptonuria and concludes as a 
result of his work, first, that we know nothing definite as to the 
etiology or place of formation of the homogentisic acid, and secondly, 
that the evidence that homogentisic acid is derived from ty rosin in 
the intestine as a lesult of the action of micro-organisms is rather 
against than for this view 

As to treatment, there is nothing to be done, as the condition is 
of no pathologic significance Alkaptonuria is of importance, how- 
ever, owing to the liability of its being mistaken foi glycosuria The 
negative results with bismuth ferrocyanid and the polanscopic tests 
should at once lule out glycosuiia 

REPORr or CASE 

Histoiy — The case here recorded occurred in a male patient, aged 32, mar- 
ried, the father of two healthy children (the urine of these were normal) 
There was no history of alkaptonuria in the family The patient was a civil 
engineer, but was employed as a chemist for the previous two years 

Piesent Illness — Complained of passing black urine, with periodic attacks 
of urticaria 

Pievions Illness — Had herpes zoster fifteen years prior to this consulta- 
tion He denied all genito-urinary infection 

ExaminaUon — The patient was a well developed, muscular, white man, 
height, S feet 8 inches, weight, 162 pounds 

Eyes Reflexes normal, ophthalmoscopic examination negative, no abnor- 
mal pigmentation of retina 

Heart and chest and abdomen were normal 

The physical findings were negative except for the passage of a brown- 
black urine 

The Wassermann reaction before treatment was negative, after administra- 
tion of large doses of potassium lodid (40 to 60 grains three times a day) 
there was a four plus reaction 

The Uiinc Physical PiopeiUes — Appearance When fresh, the urine was 

a light brown color, at times clear and free from sediment 

Color On standing the urine perceptibly darkened, and this change was 
the more pronounced the longer the urine was exposed to the air, until it 
became of an inky black color Fleischer says it is at first, almost black, 
later brown by reflected light This condition was not determined 

Odor There was a peculiar and slightly aromatic odor when freshly 
voided 

Volume From the statements of other writers many alkaptonuncs excrete 
either an excessive or deficient quantity of urine Some of the patients had 
other maladies, for this reason, perhaps, these divergencies from the normal 
are of no particular significance as far as alkaptonuria is concerned In the 
following instances the quantity of urine was less than 1,000 c c Furbringer’s 
case, quantity small , average 600 c c , Brunne’s, 900 c c , Ogden’s, 974 c c , and 
Moraczewski’s, 500 to 1,200 cc, and later 200 to 400 cc , Stier’s, 360 to 1,030 
cc , Hirsch’s 700 cc , Garrod’s, scanty and highly concentrated On the 
other hand, the following observers have reported quantities exceeding 2,000 
cc, namely. Garner and Voirin, 2,000 to 4,000 cc , Stange, 1,000 to 4,000 cc 
However, more instances of deficient than excessive quantities seem to have 
been recorded In my case 1,400 cc was the average 
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Specific Gravit} The specific gravity of alkaptonuric urine in several 
instances appears to have been high Urines ranging from 1 020 to 1 025 have 
been recorded by Furbringer, Armstrong, Smith, Brune, Noccioli and Donsencci 
and Hammarstein and Schumm In my case there was a specific gravity of 1 021 
Chemical Pi opaticcs — ^Acidity I did not attempt to determine the aciditv 
of the urine quantitativ^ety, but merety tested each sample with litmus paper 
and found it to be decidedlj acid Alkaptonuric unne seems to retain its 
acidity for a considerable time on standing 

Fermentation, sugar, albumin, blood and blood pigments were absent 
Copper Tests Alkaptonuric unne will reduce Fehhng’s solution only on 
being heated, but to no extent with a cold solution Supernated alkali solu- 
tion on the urine produced a black zone but no precipitate (sodium hvdroxid 
10 per cent ) 

Spectroscopic examination was negative for bands- due to iron 
Clinical Analysis — Alkaptonuria must be differentiated from the hemo- 
globinunas due to drugs (phenols) and diseases (malana, etc ) bj the pres- 
ence of hemoglobin in the urine, from the melanunas and hematoporphj rinurias, 
and especialty from the condition known as “paroxysmal hemoglobinuria 
frigore,” by chemical and spectroscopic tests for the pigments 

As no treatment has been indicated in the various textbooks, at the sug- 
gestion of Dr Schultz I attempted to umte the benzene ring of alkaptone 
with the benzoates, but wuth negative results After continued failure to 
relieve tlie patient of his black unne, and in spite of a negative Wassermann 
I administered large doses of potassium lodid (from 40 to 80 grains, increas- 
ing to 100 grains three times a dav') At the end of three dajs the patient 
had a severe lodid rash, and at the end of two weeks’ treatment (modi- 
fied) the unne became normal in phjsical appearance and in its chemical 
composition Another blood test was made W'hich showed a strongh positive 
Wassermann (4-h) I doubted the specificity and accuracj of the test and 
two specimens of blood were submitted to Dr Benjamin Gruskin of the Medi- 
cal Research Laboratorj*^ and to Dr Fischer Reports of four plus Wasser- 
mann were returned for each specimen I then administered 10 grains of 
ty rosin and tw'enty-four hours later submitted new specimens The reports from 
these two laboratories and mj owm test showed a negative Wassermann 
Therefore, the patient twenty -four hours after the administration of 10 grains 
of ty rosin turned a fulty four plus Wassermann reaction into a fulh negative one 

In a hasty review of the literature on the Wassermann reaction 
I found a somewhat similar condition reported by Soderbergh in 
which a strongly positive Wassermann reaction w^as converted by the 
administration of sodium bicarbonate and tyrosin into a negative test 

A further note on this phase will be published in a separate com- 
munication 

I had delayed the report of this case until the present time in the 
hope that a more complete study could be made, but in view of tlie fact 
that I am on active service with the colors in France and no oppor- 
tunity for continued vv'ork along this line is possible at present, I wish 
to make this preliminary report 

I beg to acknowdedge mj^ indebtedness to Dr Solomon Strauss for con- 
firmation of mj' chemical findings and to Dr Schultz of the !Michael Reese 
Research Institute for many helpful suggestions in this studv 
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OCCLUSION OF THE ENTIRE INFERIOR VENA CAVA 
BY HYPERNEPHROMA, WITH THROMBOSIS 
OF THE HEPATIC VEIN AND 
ITS BRANCHES-^ 

VICTOR C JACOBSON, MD, 

AND 

ERNEST W GOODPASTURE, MD 

BOSTON 

Although renal hypei nephroma is of relatively frequent occurrence 
and metastasis by way of the venous system the usual mode of dis- 
semination of the tumor tissue, it is rare to find extensive giowth into 
the infeiior vena cava and rarer still to have an intravascular hyper- 
nephroma occlude this vessel in its entire length and extend into the 
right chambers of the heart 

In the present instance we have the unique picture of occlusion of 
the entire inferior vena cava from a hypernephroma growing along the 
left renal vein, completely filling the inferior vena cava from the iliac 
bifurcation to the right auricle, with the tumor mass extending through 
the tricuspid orifice into the right ventricle The hepatic veins were 
thrombosed There was acute central necrosis of the liver and death 
in acidosis 

REPORT OF CASE 

Htstoty — The patient, a man aged 63, entered the medical service of the 
Peter Bent Brigham Hospital, Jan 22, 1917 (Med No 11605), complaining of 
swelling of the feet, legs and scrotum, shortness of breath, loss of appetite, 
and “gas on stomach ” At that time the following history was obtained He 
had been a druggist for forty years and quit work but two days previous to 
entrance His appetite had been fairly good prior to the last six months, 
bowels were always regular and he had never had jaundice, colic, vomiting or 
other gastro-intestinal symptoms Hematuria had never been noticed His 
weight had suffered considerably the previous six months In September, 1916, 
he weighed 184 pounds and on entrance to the hospital only 113 pounds He 
said the marked loss of weight was due to his poor appetite 

After returning from his vacation in September, 1916, he noticed that his 
appetite was failing, and soon he began to have eructations of gas after eating 
During the last three months he could not eat as much as previously because 
he felt “filled up” and at times, but not frequently, he regurgitated a little food 
He gradually decreased the amount eaten at a meal but did not eliminate any 
elements of his diet There was distress and sense of fullness in the epigas- 
trium after meals 

Three weeks before admission he noticed for the first time that his legs 
and scrotum were slightly swollen, more so at night A physician told him 


* Submitted for publication March 20, 1918 

=^From the Medical Clinic and Pathological Laboratory of the Peter Bent 
Brigham Hospital 
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his urine contained a little albumin and he was u arned against “kidne\ trouble ” 
Digitalis, taken for t^^o weeks, caused no improvement in the swelling Ten 
dajs later another phj'sician prescribed gentian and iron, with the result that 
his appetite increased There as then marked shortness of breath on exertion, 
gradually increasing, but not sufficient to keep him from work Three dajs 
before admission his urine was examined but no albumin was found He 
was advised to enter the hospital to rest up 

Physical E'lamuiatwii —At entrance this shoved the patient well developed 
and fairb veil nourished, complaining of the coldness of the ward His skin 
vas vhite and covered with drj, oily scales His thorax was long, narrow 
and ratlier full The respirator} movements were normal The cardiac impulse 
was in the fifth interspace, 13 cm to the left of the midsternal line, the left 
border 15 cm out m the fifth interspace, the right border 3 5 cm to the right 
of the midsternal line, the upper border at the third rib At the apex the 
sounds were slow and regular, the first sound sharp and preceded bj a soft 
presvstohc murmur and followed by a long, blowing diastolic murmur which 
was transmitted into the axilla A short svstolic murmur was heard in the 
aortic area, loudest in the second right interspace and not transmitted The 
peripheral vessels were tortuous and easily palpated There was a Corrigan 
pulse but no Duroziez’ sign 

In the lungs were many fine crackling rales along the lover borders The 
abdomen was scaphoid and there was shifting dulness in the flanks There 
was a sense of resistance in the epigastrium, but no definite mass was felt, 
nor were there anj areas of tenderness The liver dulness extended from the 
fifth nb to the costal margin The spleen and kidneys could not be felt 
The penis and scrotum were edematous The legs showed moderate soft edema 

Clinical Pathology — Hemoglobin (Sahli),63 per cent , erjthrocvtes, 3,700,000 
Smear shoved no abnormal forms The urine contained a slight trace of 
albumin and a moderate number of lij aline casts The phenolsulphonephthalem 
output was 42 per cent in two hours Clinical diagnosis, chronic cardiac val- 
vular disease, aortic insufficiency, svphilitic aortitis (’), secondary anemia, 
chronic nephntis He was given digitalis leaves, 01 gm four times a dav 
The following day a capillary pulse was noted in his finger nails Januarv 
29, temperature, pulse and respiration were normal After tvvelv’^e doses of 
0 1 gm digitalis leav'es, diuresis occurred with a loss of 6 4 kg The blood 
Wassermann reaction was double plus Gastric analysis shoved anaciditj . The 
edema of the extremities was much decreased but had not entirely disappeared 
February 6 Roentgen report “Negative gastro-intestinal findings In the 
gallbladder region there is a suggestive shadow, but not sufficient to be due to 
a calculus ” 

February 12 The urine contained the slightest possible trace of albumin 
but no erythrocytes or casts He had lost 12 pounds in weight and complained 
of “weakness of stomach” He would have liked to eat more but could not 
His speech was rambling 

February 14 Edema was more marked in the right leg than in the left 
The glands in the right groin were enlarged and tender The right saphenous 
vein for one tliird the distance to the knee was very tender Apparently 
thromoosis of the saphenous vein could account for the unilateral edema 
February 20 Blood pressure systolic 150, diastolic 80 
February 23 The abdominal veins were enlarged, the blood flowing from 
below upward There vas marked edema of the right leg and slight edema 
of the left leg The abdomen was rather full, especially the upper part No 
masses were felt The signs were those of obstructed inferior vena cava 
February 27 Blood pressure systolic 130, diastolic 80 
April 2 Blood pressure systolic 140, diastolic 80 

April 4 There vas a definite fluid wave in the flanks The liver edge 
suddenly became palpable 9 cm below' the costal margin in the right mammary 
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line He had a strong “acetone” breath and vomited frequently The res- 
pirations were of the character of acidosis 

He later became comatose Alveolar air carbon dioxid tension 11 6 mm 
Hg, temperature 97 F He was given 3 per cent sodium bicarbonate in 



Fig 1 — Anterior view of authors’ specimen 

ph 3 Siologic sodium chlorid solution per rectum by Murphy drip Catheter 
specimen of urine, SOO c c , showed a moderate amount of diacetic acid Shorth’’ 
after 6pm his respirations slowed down and stopped 

Necropsy — Performed sixteen hours postmortem bj' Dr E W Goodpasture 
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Diagnoses — Hj pernephronia of left kidney with invasion of left lenal vein, 
inferior vena cava and one of right lenal veins, occlusion of inferior vena cava, 
metastases to livei and lungs, multiple diverticuh of duodenum and jejunum, 
aortic arteriosclerosis, hvpertrophy of heart, left, dilatation of aortic ring, 
congestion of liver, ascites and bilateial hj'drothorax , edema, fatty degenera- 
tion of lieait, bronchopneumonia 

Body The body was that of a large fiamed, middle aged, white man, 
showing considerable emaciation The tissues wcie flabby and there was con- 
sideiable edema of extremities, the legs pitting easily on pressure The thoiax 
was bairel shaped, abdomen protuberant 

Peritoneal Cavity Contained 180 cc of clear yellow fluid, livct extended 
two fingers’ breadth below the costal maigin in the light mammary line, 
diaphragm on both sides at fourth intei space 

Thoiacic Cavity Lungs were voluminous, each covered largely by thin, 
tough, fibious adhesions, 300 cc clear vcllow fluid in each plcuial cavity 
lieart Enlarged, especially the left side, initial ring measured 9 cm, 
aoitic 8 25 cm , aortic valve was normal except foi extensive thickening about 
the corpora aiantii and glueing togethei and calcification between the posteiior 
and light cusps, myocaidium was veij'^ flabby and pale yellow, heart was lett 
in situ because of necessity of careful dissection of infeiior vena cava which 
was filled with tiimoi growth extending into the light auricle 

Lungs Voluminous, lateral poition of right lung and anteiior portion of 
left lung weie coveied bj fibrous adhesions On the suiface of each lung a 
gieat number of yellow, fnm tumor nodules up to 2 cm in diametei, foi the 
most part smaller, were scatteied irrcgulaily over the suiface On section 
similar tumors were found scatteied ihioughout the lung substance The 
tumor masses wcie lather opaque on the cut surface, very soft and grayish- 
jellow in coloi Sometimes the ccnteis were soft and yellow, while the peiiph- 
eiies were more tianslucent A yellow opaque centei was often suriounded 
by a red zone and the peiiphcral giay tissue appeared to be ^ascular 

Gastio-Intestinal Tiact The duodenum was normal for 6 cm beyond the 
pvloius At this point theic was a diverticulum lying just ovei the head of 
the pancreas, 2 5 cm in diametei Just opposite Treitz’ ligament was anothei 
dnerticulum measuring 2 5 cm in diametei, and 6 cm below was a vciy large 
diverticulum 5 cm in diametei All opened into the intestine, as could be 
determined by squeezing air from them into the intestine Bejond the largest 
weie a dozen smallei in the fat of the mesenteric attachment for a distance of 
one foot 

Livei Largei than normal, daik pin pie On section lobulation was dis- 
tinct, centers pin pie, dcpicssed, portal areas grayish yellow The hepatic veins 
from the laigest to the smallest weie plugged with dark, purple thrombi In the 
middle anterior portion of the left lobe a small mass was found measuring 5 
mm, with a giavish pink centei and yellowish peiiphery, which appeared to 
be a tiimoi metastasis 

Tumor A large mass occupying the legion of the left kidney on section 
was found to be a hypernephroma occupying the upper two-thirds of the 
kidney substance It measured 10 cm m length and 8 cm in width The sur- 
face of the kidney in the region of the tumor was lobiilated and the capsule 
was very vascular On section through the tiimoi it piesented a yellow, 
opaque suiface composed of tissue resembling adrenal cortex Numerous small 
hemorrhages were scattered throughout the tiimoi and there was a pink tone to 
the tumor tissue, indicating great vascularity Blighter j^ellow opaque areas 
were scattered through the tumor which appeared to be areas of necrosis 

The right kidney was of normal size The capsule was smooth, stripped 
easily, leaving a slightly irregular surface The left renal vein was tremendous 
It was plugged and distended with soft yelloiv tumor tissue, and measured 
12 cm 111 length and 5 5 cm in diameter The inferior vena cava was com- 
pletely plugged with tumor growth both in the upper and lower portions from 
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the origin of this renal vein In its upper portion, however, it was very 
greatly dilated, being 5 5 cm in diameter, the lower portion 3 cm in diameter, 
and became attenuated as the pelvis was approached Both internal iliac veins 
were plugged with tumor thrombi The tumor extended upward in the vena 
cava into the right auricle and ventricle, but the great distention of the vein 



Fig 2 — Posterior view of specimen 


•ended at the diaphragm Above this point it measured 2 5 cm in width The 
right renal veins were two in number and about normal in size The superior 
vein, 1 cm in diameter, was patent in its entire length The inferior right 
vein was 0 S cm in width, deep purple and quite solid The pelvis of each 
■kidney and the ureters were normal 
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Adrenals Normal m size and normal in general The left adrenal could 
be almost completely dissected out from the tumor about its superior surfaces, 
but inferiorly, next to the kidney, it was invaded by tumor mass and could not 
be separated from it The perirenal fat of the left kidney was very thick and 
firm On section this fat showed evident tumor extension in the connective 
tissue between the fat lobules, but the rigidity of the fat did not appear to be 
due entirely to tumor growth, but probably to connective tissue thickening 
between the lat lobules There was some fat of yellow, opaque appearance, 
rather than translucent 

Pelvic Organs The vessels about the prostate were thrombosed 
Micioscopical Examination — Left Kidney The tumor is composed chiefly 
of polyhedral cells with pale or clear, vacuolated cytoplasm The nucleus, 
containing one or two basophilic nucleoli, is centrally or eccentrically placed 
The cells are arranged chiefly m alveolar form, but columnar formation is also 
present In some sections tubular architecture is strikingly predominant, 
strongly suggesting renal tubules There are many large and small vascular 
spaces lined with a single layer of flat epithelium and containing much blood 
There are many small thrombi undergoing hyalinization The tumor is not 
sharply marked oft from the renal substance proper The cortex of the kidney 
shows much fibrosis and hyalinization of glomeruli and obliteration of the 
normal tubular arrangement Sections of the tumor from the renal pelvis 
show a less differentiated type and arrangement of the cells, the latter tending 
to be more spindle shaped than polyhedral 

Right Kidney Chronic passive congestion and moderate amount of fattv 
change in convoluted tubules 

Lung There are many scattered small nodules of tumor tissue which 
occupy alveoli, the walls of which are thickened There is marked chronic 
passive congestion 

Spleen Shows chronic passive congestion 

Liver There are obliterating thrombi in the tributaries of the hepatic 
veins and extensive central necrosis of the liver substance with hemorrhagic 
infiltration in the necrotic areas The normal columnar architecture is retained 
only at the peripheral portions of some of the lobules There is very little 
polymorphonuclear reaction within the areas of necrosis Sections of the 
thrombi from the hepatic veins show no tumor tissue, and the thrombi are 
apparentlv of recent origin, with the exception of one in the quadrate lobe in 
which organization has begun 

Bone Marrow The bone marrow is hyperplastic 

Thrombus Section of the thrombus from the inferior vena cava and right 
auricle show almost solid infiltration with tumor cells, with little tendency to 
any definite arrangement There is great variation m size, shape and intensitj 
of staining of the individual cells 

The thrombi from the right renal veins contain no tumor tissue 
Sections of the thrombi occluding the caval orifices of the hepatic veins 
show no tumor tissue The thrombus in the vein draining the quadrate lobe 
shows beginning organization, those involving the right and left lobes are 
apparently about twenty-four hours old 

Portions of the thrombus from 4 cm below the iliac bifurcation in the right 
and left common iliac veins contain a few strands of tumor cells, which, how- 
ever, are more spindle-shaped and not vacuolated, corresponding more to the 
morphology of the tumor cells in the cardiac thrombus 

In the left renal vein, just proximal to the caval orifice, sections of the 
tumor mass show a strikingl> tubular arrangement of tumor cells, but no base- 
ment membrane was demonstrable with Mallory’s phosphotungstic acid-hema- 
tox\hn stain 
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Pleasants/ m 1911, was able to collect 314 cases of obstruction of 
the inferior vena cava Of this number 171 were due primarily to 
thrombosis, the majority of which were associated with inflammatory 
foci elsewheie in the body Obstruction due to new growths 
(Geschzvulst-thrombose) occurred 88 times, by invasion, 48, by pres- 
sure, 21 , and by thrombosis, 19 Due to new growths in the kidney, 

29 times, classified as follows carcinoma, 21 times, causing invasion 
12, pressure 2 and thrombosis 6 times Sarcoma 8 times, causing inva- 
sion 5, pressure 2 and thrombosis 1 time Due to new growth in the 
supiarenal gland, 3 times, sarcoma, 3 times, causing invasion 1, pres- 
sure 1, and thrombosis 1 time Invasion was found to be most fre- 
quent in the middle thud of the cava and the most common path of 
invasion was through the renal veins, and in an upward direction 
Obstruction by pressure from without arose most frequently also in 
the middle thud, owing to the nearness of the liver and other struc- 
tures Thi ombosis was commonest in the lower third but also occurred 
in the upper and middle thirds through disease of the affluent veins 

Of the cases of Gcschzvulst-thi oinhose, in 43 cases accurately 
descnbed, Pleasants found the lower third alone occluded in 9 cases 
and lower and middle thirds together m 7 cases , the middle third alone 
in 6 cases and the middle and upper thirds together in 17 cases In 
only one instance was the entire cava from the iliacs to the right 
auiicle filled In 13 cases the growth reached as far as the right auricle 
or actually invaded it 

The most sti iking symptoms or physical signs of obstruction of the 
vena cava encountered were, lumbar pain, edema of the lower extrem- 
ities and abdominal Avail, and the establishment of collateral circula- 
tion All of these features Aveie found to depend on the position, 
extent, rapidity and completeness of the obstruction The most strik- 
ingly developed of the superficial collateral circulatory loutes was the 
superficial infeiior epigastric-internal mammary channel This Avas 
the collateral channel shown in our case In many instances, Avith no 
supeificial routes evident, the blood leaches the heart through deep 
vessels, the most frequent way being through the internal ihac- 
ascending lumbar-azygos-superior vena cava anastomosis 

There are several extraordinary features in our case (a) The 
remarkable extension of the tumoi from the upper pole of the left 
kidney to the left lenal vein to the inferior vena cava which it tra- 
versed below as far as the iliac bifurcation and grew upAvard into the 
right auricle and right ventricle, causing mechanical embarrassment to 
the tricuspid A^alve The nodules in the lungs were most likely derived 
from emboli from this portion of the tumor Of the right renal veins 


1 Pleasants Johns Hopkins Hosp Rep, 1911, 16 , 363 
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(there being two), the inferior one ^^as distended iMth led thrombu'^ 
extending in from tlie inferior lena cava as far as the renal pelvis 
The orifices of tlie hepatic veins were plugged witli the tumor and 
metastases vere present in the Iner substance (&) The first notice- 
able symptoms occurred sei en and one-half montlis before death Thei 
vere" m the nature of loss of appetite, sense of fullness after eating 
and gastro-intestinal discomfort of more or less vague character 
Edema of the legs and scrotmii appeared fi\e months later, dunng 
which time tliere was a loss m weight of 70 pounds Howeier, the 
patient was able to attend to his work right up to the time of his 
entrance to the hospital v here he came merel)' to get “rested up ’ 
(c) The absence of heniatuiia (d) The late appearance of definite 
signs of obstruction of tlie inferior \ena ca\a m spite of the fact that 
that ^essel was occluded m its entire length at necropsy (r) The 
acute svelhng and centro-acmous necrosis of the liver fiom tlirom- 
bosis of the hepatic ^ eins and death in acidosis The sudden enlarge- 
ment of tlie Iner noted clmicalh- was probablv associated nitli the 
hepatic thrombosis 

Metastases in h}-pernephroma are frequentl} extensne Growth 
of die timior along the renal \em to the inferior vena ca\a from the 
affected kidney is not so common Ribbert- m his Gcsclnoulsf Lchtc 
mentions a case m which the tumor ascended the inferior \ ena ca^ a to 
the nght auncle without obstructing the hepatic veins J IsraeP and 
Rollestoid have reported instances of imasion of the inferior ca^a, 
die latter s case being secondary carcinoma of the nght suprarenal 
extending in along die capsular vein 

The remarkable patient of Parkes Weber^ showed simptoms of 
obstructed infenor leiia caia enlarged Iner and spleen and ascites 
The last two da}s there occurred anuria, uremia, coma and death 
Necropsv disclosed a thrombus-containing tumor (papilhferous adrenal 
carcinoma) commencing in the left renal ^ein invoking both renal 
veins, both hepatic veins the whole of the inferior caAa with tbe 
upper end projecting into a partially occluded light auncle Both 
adrenals and kidneys w ere mfiltrated w ith “malignant hypernephroma ” 
Nodules of tumor were present in the liter and lungs The liter also 
showed the central necrotic changes of extreme passite congestion 
Death occurred from thrombosis of the better kidney with resultant 
anuria and uremia 

Herbert French® has described a case of carcinoma of the left kidnet 
with a continuous clot of tumorous tissue extending along the left renal 

2 Ribbert Geschtt ulste Lelire 1904, p 35 

3 Israel Deutsch Med Wchnsdir 1904, 30, -ISO 
Rolleston and Marks Am Jour ^led Sc 1S9S 116, 40-^ 

5 Weber Parkes Proc Rotal Soc. 1915 8, 6 

6 French Tr Med Soc London 1912 35, 243 
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vein, up the inferior vena cava into the right auricle, producing an 
inti acardiac polypoid mass leading to tricuspid stenosis of the ball and 
socket type Rolleston' quotes Adami as having seen a similar exten- 
sion of adrenal tumor 

Other neoplasms, such as carcinoma and teratoma of the testis,® 
have produced extensive deposits in the inferior vena cava Throm- 
bosis may give rise to a similar tram of symptoms from occlusion of 
the inferior cava, hepatic veins and extension into the right auricle 

The symptoms pioduced by simple occlusion of the hepatic veins 
are not always very definite The syndrome of Craven Moore,® pro- 
gressive enlargement of the liver, signs of involvement of the inferior 
vena cava and ascites, is mentioned by Osier’® as being characteristic 
of stenosis of the orifices of the hepatic veins In Chian’s” three 
cases which had a luetic background, death occurred from ascites and 
pulmonary edema Winternitz’® ligated an hepatic vein in a dog and 
observed no untoward effect or any macroscopic or microscopic changes 
in the liver 

In our case, twenty four hours before death the liver suddenly 
became greatly enlarged, the patient developed symptoms of acute acid- 
osis with strong ‘‘acetone” breath, alveolar air carbondioxid tension 
of 1 1 6 mm Hg, and diacetic acid was found in the urine The central 
necrosis of the liver lobules and the thrombi behind the tumor tissue in 
the orifices of the hepatic veins appeared to be about twenty-four 
hours old 

The sudden enlargement of the liver coincident with the onset of 
acidosis suggests a point which may be of diagnostic significance in 
acute thrombosis of the hepatic veins, where there are already signs 
of obstruction of the inferior vena cava 

The more rapid cases of hepatic obstruction give a picture which 
much resembles myocardial failure, there being present cyanosis, con- 
gestion of the lungs, enlarged tender liver, and ascites The rarity 
of thrombi in the hepatic ostia has been attributed to the marked 
obliquity of the veins and also to the diminished coagulability of the 
hepatic blood 

The structure of the tumor in our case is interesting in that the 
tubular arrangement of the cells is quite the predominating architec- 
ture in some sections and the individual cells are strikingly like those 

7 Rolleston Diseases of Liver and Bile Ducts, 1912, p 498 

8 McCallum Textbook of Patholog)% 1916, p 1010 

9 Craven Moore Med Chron Series 4, 1902, 3, 240 

10 Osier The Principles and Practice of Medicine, 1915, 563 

11 Chfari Zeigler’s Beitr z Path Anat u z Allg Path , 1899, 28, 1 

12 Wintermtz Bull Johns Hopkins Hosp , 1911, 22, 396 

13 Thompson and Turnbull, Quart Jour Med , 1912, 5, 277 

14 Kretz Ergebn d allg Path , 1902, 8, 498 
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of normal renal tubules, being cuboidal and ^Mth granular cytoplasm 
instead of being \acuolated There are all gradations between the 
cells of the normal kidney tubule and the more primitne, less differ- 
entiated, heaMly fat-laden cell of tj-pical h}pemephroma 

SUMMARY 

Occlusion of the inferior vena ca\a by new grovth {Geschzy.nlst- 
tJi} ojubose) IS rare, up to 1911 there having been but fort) -three case'!^ 
accurately described In tliirteen of these the growth reached as far 
as the right auricle or actually invaded it In only one instance vas 
the entire cava from iliacs to right auricle filled Since then se\eral 
other instances of obstruction by intra\ ascular new groYtli ha\e been 
reported, two of which showed occlusion from the le\el of tlie renal 
veins with tumor projecting into the right auricle In one case the 
tumor tissue completely filled the inferior \ ena ca\ a and extended into 
the right auricle 

The case reported here is one in Mhich a renal hypernephroma 
extended from the kidney into the left renal \ein, traversed the inferior 
vena cava below as far as the iliac bifurcation and grew upward into 
the right auricle and right ventricle causing mechanical embarrassment 
to the tricuspid valve 

The orifices of the hepatic -veins were plugged wuth tumor and 
there w^as acute central necrosis of the Iner from thrombosis of the 
hepatic vein and its branches Sudden enlargement of the Iner w’as 
accompanied by the onset of acidosis wdiich persisted until the death 
of the patient tvventy-four hours later 

Where there are already signs of obstruction of the inferior vena 
ca\a, sudden enlargement of the liver comcident with the onset of 
acidosis IS probably indicatn e of acute thrombosis of the hepatic ^ eins. 
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ALIMENTARY RENAL GLYCOSURIA- 
KINGO GOTO, MD 

NEW YORK 
INTRODUCTION 

The glucose content of normal human urine is under 0 1 per cent , 
usually merel}'' a trace The kidneys normall)’^ excrete urine containing 
a lower concentration of glucose than ife found in the blood When 
the kidneys show a higher permeability foi glucose, sugar should 
appear in the urine while the tissues still retain the normal power of 
utilizing dextiose So-called “renal glycosuria” occurs on account of 
an abnormal peimeability of the kidneys, without any disturbance of 
intermediary carbohydiate metabolism In such a condition there are 
no diabetic symptoms and the blood sugar is noimal 

The existence of this condition was first declared by Klempeier^ 
at the Congress of Internal Medicine, in Berlin, 1896, and the con- 
ditions for Its diagnosis were given as follows 

1 The glycosuria has almost no relation to the quantity of carbo- 
hydrate in the diet 

2 Not only is there no hyperglycemia, but sometimes even hypo- 
glycemia 

3 When nephritis occurs the sugar in the urine diminishes oi 
disappears 

Vo Noorden,=^ in his book, “Zuckeikiankheit,” refused to recog- 
nize the cases of renal diabetes previously reported, and held that the 
condition had not been demonstiated Allen, ^ who recognizes renal 
glycosuria, in his book, “Glycosuria and Diabetes,” says that “the name 
diabetes is unjustifiable, diabetic symptoms are absent, but those of 
nephritis, neurasthenia and malnutrition are frequent,” and again, 
“almost always the glycosuria is very slight, a mere fraction of 1 per 
cent ” Joslm^ recognized renal glycosuria and declared that an obser- 
vation of several years was necessary for its diagnosis, clinical diag- 
nosis without long obseivation of the patient being dangerous 

* Submitted for publication April 24, 1918 

* From the Hospital of the Rockefeller Institute for Medical Research 

1 Klemperer, G Cong Int Med, Berlin, 1896 Ueber Regulatonsche 
Glykosuria u renalen Diabetes, Berl khn Wchnschr, 1896, 33, 571 

2 Von Noorden, C Die Zuckerkrankheit und ihre Behandlung, Ed 6, 
Berlin, 1912, p 37 

3 Allen, F M Glycosuria and Diabetes 1913 

4 Joshn, E P Treatment of Diabetes klelhtus 1917 
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Since the initial report of Klemperer a feiv reports of cases haie 
been made in Germany by Luthje,® Bonninger'^ ^^'elland ‘ Tachaii ® 
Frank*’ de Langen^'^ and Galambos and in Anienca recently bv 
Leiins and i\Iosenthal jMurlin and Niles^® and Strouse The details 
of these reports -will be included in the chapter of discussion 

REPORT OF CASE 

As renal glycosuria is considered rare obsen ations on one case are 
here reported as follous 

Htsfory — Man aged 33 Japanese plnsician Xo diabetic or neuropathic 
heredity , healtln childhood at the age of 22 the patient had tjphoid fever m 
tlie course of uhich albumin and casts %vere found in tlie unne for about tvo 
veeks After unnersitj graduation in 1909 he i\as assistant at tlie unuersiti 
hospital He ivas healtln , no complaint of good nutrition, bodj v eight, SO 
kg , height. 161 cm Since 1911, his weight gradualK increased to 54 kg 
there was increasing appetite, particular!} tor sweets, besides regular diet 
cakes containing about 50 to 70 gm of sugar were eaten once and sometimes 
twice in tlie afternoon In April 1913 after a meal consisting of 200 gm rice 
150 gm meat, Aegetables cooked with sugar after Japanese fashion and mudi 
cand} an examination of the unne passed within two hours reiealed 075 per 
cent sugar The determination of sugar in the unne was made quahtati\ eh 
b} the Alnien-X} lander method, and quantitatn eh b\ Kiimagawa and Siito’s 
modification of Pavi’s method On the following da} after a lunch of 50 gm 
bread and tea, tlie urine showed a slight sugar reaction On tlie third da} 
after keeping in tlie meantime to carboh}drate-free diet the unne showed no 
sugar reaction after a meal of 30 gm bread, but after a luncli of 60 gm 
bread, tlie ghcosuna was present He considered himself diabetic and treated 
himself according!} After eating 60 gm bread at one time sugar regularly 
appeared in tlie unne passed within two hours The percentage of sugar was 
alwa} s below 0 7 

From June to Xo\ ember 1913 a diabetic diet was lollowed Sugar was 
excluded but about 30 gm carboh}drate in the form of bread and nee were 
taken with each meal, or from 90 to 100 gm daih The unne, examined 


5 Luthje, H Beitrag zur Frage des renalen Diabetes, Munchen med 
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from time to time showed an occasional sugar reaction From January, 1914, 
the strict diabetic diet was remitted, but no sugar was taken, the diet included 
from 150 to 200 gm carbohydrate daily, m the form of rice and vegetables 
For a period of two years, the urine was not examined Beginning April, 
1916, after coming to America, sugar was added to the diet according to 
inclination, in the form of candy and ice cream During this time the subject 
felt well and experienced no weakness Sept 17, 1917, examination of the 
urine after the ordinary lunch showed almost 02 per cent sugar The deter- 
mination of sugar in the urine was made qualitatively and quantitatively by 
Benedict’s method” From September 20 to October 15, the diet consisted 
approximately of 100 gm fat, 150 gm carbohydrate, and from 150 to 200 gm 
protein per day Sugar was excluded, the urine showed no sugar reaction 
But on a free diet containing sugar the urine two hours after meals occa- 
sionally showed a slight sugar reaction, not more than 02 per cent The urine 
volume was not increased, and no sugar reaction was seen with mixed twerty- 
four-hour urine 

Experimental — October 20, blood was taken at 9 a m , before 
breakfast, after fasting over night, and determination of sugar in the 
blood made by the method of Lewis and Benedict,^” cholesterol in 
whole blood by Bloor’s method,^" and carbon dioxid in the plasma by 
Van Slyke’s method^® All showed normal The blood pressure was 
also normal 


TABLE 1 — Findings in Plasma and Whole Blood 
Oct 20, 1917, at 9 P M , Before Breakfast, 
After Fasting Over Night 



Cholesterol 

CO: Capacity 

Sugar in Plasma, 

in Whole Blood, 

of Plasma, Vol 

Per Cent 

Gm per 100 C c 

Per Cent 

Oil 

0 22 

71 


From November 29, every morning a certain amount of carbo- 
hydrate was ingested after the night’s fast, with results as follows 
After 33 gm starch and 25 gm fat, no sugar appealed in the urine, 
but with increase of starch to 39 gm , sugar appeared one or two hours 
after meals, but in quantities so slight that it was hard to estimate its 
percentage by Benedict’s quantitative method Blood sugar was exam- 
ined for every thirty minutes after meals, but no hyperglycemia 
appeared After ingestion of 150 gm banana (34 gm caibohydrate), 
the urine showed sugar, presumably because of the sugar content of 

15 Benedict, S R The Detection and Estimation of Glucose in Urine, 
Jour Am Med Assn , 1911, 57, 1193 

16 Lewis, R C , and Benedict, SR A Method for the Estimation of 
Sugar in Small Quantities of Blood, Jour Biol Chem , 1915, 2C, 61 

17 Bloor, W R The Determination of Cholesterol in Blood, Jour Biol 
Chem , 1916, 24, 227 The Distribution of the Lipoids (Fat) in Human Blood, 
Jour Biol Chem , 1916, 25, 577 

18 Van Slyke, D D , Stillman, E , Cullen, G E , and Fitz, R Studies of 
Acidosis, Jour Biol Chem , 1917, 30, No 2, p 289 
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the banana Aftei 50 bm oatmeal (34 gin caibobydiate), the uime 
showed sugai in two horns, but the blood stigai was noimal Aftci 150 
gin potato (36 gin caiboh3'diate), theie was gl^^cosuna in one hour, 
but no hypei gl^^ceinia Thercfoie, aftei the ingestion of inoic than 
34 gin caibohydiate, the uiine showed sugai aftei meals, without 
legal d to the kind of staich taken, while the blood sugai was always 
noi mal 

In the thud expciimcnt (Table 3), laige quantities of caibohydiate 
were ingested to dctcimuic the use of blood sugai 

Aftei the ingestion of 130 gm iice (caiboh3fdratc about 100 gm ), 
the mine showed from 0 16 to 0 29 per cent sugai, which lasted to the 
fouith houi after meals The total sugai excieted amounted to 0 25 
gm Blood sugai, which i cached its maximum in the fiist hour, 
amounted only to 0 115 pei cent No hypciglyccmia was seen Aftei 
ingestion of 200 gm staich, the mine showed fiom 0 2 to 0 3 pci cent 
sugar which lasted foi 2 5 houis The total amount of sugai excieted 
nas 017 gm Blood sugai i caching its maximiim m 2 5 houis was 

0 145 per cent Sugai appealed m the urine after thnty minutes, when 
the blood sugar showed only 0 139 pci cent 

In the fouilh expciimcnt (Table 4), glucose was taken m vaiious 
quantities, in the inoinmg as in the foimci experiments 

Aftei 50 gm glucose, sugar appealed m the uiinc m 30 minutes to 

1 5 houis, the total amount being 0 07 gm The maximum of blood 
sugai was 0 128 pei cent , with ictiiin to noimal at the end of the fiist 
hour Aftei 100 gm glucose, sugai appealed m the uiinc at 30 minutes 
to 1 5 houis with a total amount of 09 gm , blood sugai i cached its 
inaMinum at 0164 per cent with ictuin to noimal within 3 hours 
•\ftci 200 gm glucose, sugar appealed aftei 30 minutes and lasted 
4 5 hours, with a total cxciction of 06 gm , the maximum of blood 
sugai was 0175 pci cent with ictuin to noimal at the third hour 
Examination of the uiinc by polanmetci showed dcxti oi otation and 
agiccd with the lesults obtained 1)3' Benedict's method A fei mentation 
test with yeast gave positive icsults, showing that the i educing sub- 
stance in 111 me is glucose, not pentose Aftei the ingestion of 100 gm 
levulose, the uime showed sugai after 30 minutes and continuing foi 
3 houis, with a total cxciction of 009 gm The polanmetci showed 
left 1 otation, blood sugar, a maximum of 0143 per cent, with return 
to noi mal in the second houi 

Si(ujiiia)V — Aftei the ingestion of more than 34 gm staich, the 
mine showed sugar without any h3'pciglvcemia , after 100 gm staich 
the uiinc contained 0 25 gm sugai, while aftei 200 gm staich the 
uiinc showed only 017 gm sugar, the maximum of blood sugar was 
0115 pel cent aftei ingestion of 100 gm staich and 0145 per cent 
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TABLE 2 — Determination of Carbohydrate Tolerance — 




(Test meals at 9 a 

Diet 

m aticr fasting over night) 

Urine 

Date, 

1917 

* FoodstulTs, Gm I 

Carbo- 

hydrate, 

Gm 

Fat, 

Gm 

Volume, C c 

Bread 

Butter 

ColTee 

Cream 

Salt 

IHr 

2 Hrs 


4 Hrs 

Nov 29 

45 

30 

2 cups 


■ 

27 

25 

53 

40 

24 

31 

Nov 30 

55 

30 

2 cups 


H 

33 

23 

45 

39 

21 

20 

Dec 1 

05 

30 

2 cups 


B 

39 

25 

40 

2S 

25 

30 

Dec 2 

Banana 

150 


2 cups 



33 


44 

40 

23 

28 

Dec 3 

Oatmeal 

50 

30 

2 cups 

30 

1 

34 

31 

50 

33 

40 

SO 

Dec 4 

I Potato 

1 150 

30 

2 cups 

30 

1 

30 

31 

51 

42 

36 

21 


* Sugar test bi Benedict’s method, shows veij slight reduction, qunlitnti\elj not measurable 


TABLE 3 — Starch Test Test Meals — 


Date, 

1917 

Diet 

(Test meals at 9 a m after fasting over night) 

Urine 

Poodstufis, Gm 

Carbo 

hydrate, 

Gm 

Fat, 

Gm 

Volume, C c 

Dextrose 

Dec 5 

Rice, 130 gm ! 
(dry weight), 
boiled with 
100 gm water 

But- 

ter 



Cof 

fee 


SO 

Min , 

1 

Hr, 

1 5 
Hr, 

2 

Hrs , 

1 26 
Hrs , 

3 

Hrs , 

36 
Hrs , 

Hrs 

I 45 
|Hrs , 

SO 

2 

cups 

so 

4 

100 

31 


42 

+ 


27 

+ 

i 

23 

+ 


20 

+ 

I 

Dec 14 

Starch (Merck), 
200 gm Paste 
made with lOO 
gm water 


2 

cups 

■ 

1 

200 

1 

45 

+ 


15 

+ 

G 

± 

9 

+ 

1 

1 


1 


TABLE 4 — Sugar Test Sugar at— 





Urine 


Date, 

Glu 





Volume, C c 




Sugar in Hours, Per Cent 

1917 

cose, 

Gm 

Water, 




Dextrose 




Total Quantities Sugar, Gm 


C c 















30 

1 

1 5 



3 

35 

4 

4 5 

1 

2 

3 

4 




Mm 

Hr 

Hrs 



Hrs 

Hrs 

Hrs 

Hrs 

Hr 

Hrs 

Hrs 

Hrs 

Dec 19 

50 

300 

so 

15 

16 

30 

32 

■■ 




014 







+ 

+ 



1 “ 

B 

B 


— ' 

0 003 




Nov 1 

100 

500 

182 

100 

42 



B 

B 



0 32 

016 






+ 

+ 

+ 



B 

B 

— 

— 

068 

016 



Dec 26 

200 


11 

8 




6 

5 

4 

8 

1 26 

108 

099 

0 39 




+ 

-1- 


+ 

-f 

+ 

+ 

+ 

± 

0 24 

019 

012 

0 04 


Levu- 
















lose 















Dec 8 

100 


S5 

12 

4 

11 

6 

21 

23 










-1- 

-1- 

-1- 

4- 


-1- 
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Me\ls vt 9 \ sr , After F \sting 0\er Night 


Urine 

BIooS 

1 

Eemarl,s 

Dextrose 



: Hrs 

3 Hrs 1 4 Hrs | 

1 1 

Before 

; 

30 Min 

1 Hr 

1 5 Hrs ; 

] 

2 Hrs 

2 5 Hrs 

3 Hrs 

3 5 Hrs 

?race* 

rrace 

rrace 

— 

— 

OOSl 

00S5 

OOSV 

0 0S2 

0 071 

OOSl 

0 0S5 

1 

OOS6 


0 071 

Sugar In 
plasma in 
1 5 hr ,0 102 
per cent 


M After Fasting Over Night 


Urme 


Blood 


Hours, Per Cent 
antities Sugar, Gm 


i 

2 

EHs 

3 

Hrs 

4 

Hrs 

)26 

>07 

0 20 

0 007 

018 

004 

>3 

>06 




Sugar m Whole Blood, Per Cent 
E\creted Sugar in Plasma, Per Cent 

Sugar 


in Toto 

Before 

Test 



1 5 
Hrs 

2 

Hrs 

2 5 
Hrs 

3 

1 Hrs 

35 

Hrs 

4 

Hrs 

5 

Hrs 

= 0 25 gm 
Polarimetric 

0 19 per cent 

0 076 
0103 


0069 

0115 

■ 

0 058 
0111 

■ 

■ 

■ 


0 035 

0 0S5 

= 0 17 gm 

0 08 
0105 

0122 

0139 


0105 

0133 

1 

0118 

0145 


0 093 
0102 




,i , After Fasting Over Night 


Blood 


Sugar in Whole Blood, Per Cent 
Sugar in Plasma, Per Cent 


tal Sugar 
Excreted 

Before 

Test 

30 

Min 



2 

Hrs 

2 5 
Hrs 

3 

Hrs 

3 5 
Hrs 

4 

Hrs 

gm 

0 082 

0 097 

0085 

0128 

0 095 

01i6 

i 1 

0 088 

0 094 

1 

j 




m 

Plasma 

009 

0 164 

0135 

1 

0123 

0131 


1 

0 095 i 


m 

er cent in toto 
imetric 0 83 per 

OOSl 

0 091 

0112 

0175 

0 099 
0133 


0098 

0121 


0 082 
0105 


0 097 
0133 

r cent 

imetric left ro 
a 0 09S per cent 

0 072 
0101 

1 

0 061 
0128 


0 094 
0106 


0 061 
0114 




S.M,S. BfEDKAL COILSGE, 

LIBEARY, JAIPtJB, 
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after 200 gm starch Furthermoie, after the ingestion of 100 gm 
glucose, more sugai was excreted in the urine than when 200 gm 
were taken, while the blood sugai was higher and remained higher 
for a longer period after 200 gm glucose was ingested than after 100 
gm When levulose was given it was excreted as levulose itself, not 
as glucose 

The Renal Thicshold foi Glucose — There are many reports con- 
cerning the renal threshold for glucose of the normal person It is 
generally accepted that the kidney is permeable for sugar when the 
blood sugar reaches 0 16 to 0 17 per cent Hamman and Hirschman^® 
say that in a normal individual the renal threshold is not a constant 
factor, but is usually between 0 17 and 0 18 per cent of blood sugar 
although some otherwise normal individuals have a low renal threshold, 
below 0 14 per cent (0 12 to 0 14 per cent , or 0 13 to 0 14 per cent ) 
Foster^® found the renal threshold between 0 149 and 0 164 per cent 
m a patient who had undergone ether narcosis Jacobsen-’- gives the 
blood concentration as 0 16 to 0 17 per cent In the person reported 
on here, the renal threshold is as follows whole blood, 0 069 to 0 071 
to 0 081 to 0 085 per cent , plasma, 0 115 per cent 

Hype} glycemta After the Intake of Ca) hohydrate and Glucose — 
Much has been wntten on this subject, but very little that is trust- 
worthy For this the apparent reason is that prior to the introduction 
of Bang’s method in 1914 and the present more accurate method of 
Lewis and Benedict a determination involved the use of much more 
blood than is now required, with consequently but one or two tests in 
each case, whereas an examination is requisite every thirty minutes 
Consequently the conclusions drawn from former experiments involve 
confusion 

Frank," in 1911 asserted that m eight persons hypergb cemia of from 
0 12 to 0 18 per cent -was found m the blood plasma after the intake of 100 
gm glucose m one hour’s time, and that three persons showed a little sugar 
in the urine Tachau"’ (1911), reported that no hyperglycemia was seen in one 
hour’s time after a dose of 100 gm sugar Bmg and B Jakobsen"* (Bang’s 
micromethod) found hyperglycemia of 0 098 to 0 17 per cent Among ten per- 
sons, after intake of glucose, two showed 50 per cent and one showed 70 per 
cent rise of blood sugar The aAerage rise after one hour was 36 per cent. 


19 Hamman, L, and Hirschman, I I Studies on Blood Sugar, The 
Archht^s Int Med, 1917, 20, 761 

20 Foster Am Soc Adv Chem Invest, 1917 Cited by Joshn (Footnoted) 

21 Jacobsen, Th B Untersuchungen uber den Einfluss veschiedener Nah- 
rungsmittel auf den Blutzucker bei normalen, Zuckerkranken u graviden Per- 
sonen, Biochem Ztschr , 1913, 56 , 471 

22 Frank, E Weitere Beitrage zur physiologic des Bluzuckers, Ztschr f 
ph 3 Siol Chem , 1911, 70, 291 

23 Tachau, H Ueber ahmentare Hyperglykamie, Deutsch Arch f khn 
Med , 1911, 104 , 432 

24 Bing, H J , and Jakobsen, B Blutuntersuchungen unter normalen u 
emiger pathologirn Verhaltnissen, Deutsch Arch f khn Med, 1914, 113 , 571 
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and after t^^o hours onlj 11 per cent These authors believe that a rise of 
more than SO per cent at the end of the first hour must be considered as 
pathologic 

Th B Jacobsen” (Bang’s micromethod) found that 100 gm glucose pro- 
duces a rapid hyperglj cemia which usually reaches its maximum m from 
fifteen to thirt} minutes after the intake, keeps up one to three hours, and 
then falls to normal or even below His experiments included fourteen per- 
sons whom he held to be normal Among them six persons showed no urinary 
sugar, with blood sugar reaching from 0 12 to 0 16 per cent Another group 
of eight persons shovved sugar in the urine, with blood sugar of 017 to 0227 
per cent However, the greatest amount excreted was only 1 38 gm In the 
first group of six persons showing sugar, the hvperglycemia lasted about 
175 hours, in the second group, about 2 5 hours After 167 gm bread (100 
gm carbohjdrate), all fourteen persons reacted with a hyperglycemia (0138 
to 0 206 per cent ) w'hich lasted from two to four hours, and six cases shovved 
gh cosuria (0 06 to 0 92 gm ) The only difference between the effect of 
dextrose and of starch was in the rapidity of the rise and fall of the blood 
sugar curve, that is, onlj a quantitative difference due to the difference in 
the rate of absorption Jacobsen’s results seem to be somewhat higher than 
normal, according to our present conception There is a possibility that the 
use of the method was not accurate, with consequent high results, or that the 
experiments included persons of carbohydrate tolerance lower than normal 

Hopkins^ (Bang’s micromethod), in experiments with eight persons, found 
that the blood sugar reached its maximum (0 14 to 0 156 per cent ) in 30 
minutes and lasted 2 hours No urine examinations are reported Graham"*’ 
(Bang’s micromethod), with three persons, noted that after 100 gm glucose, 
the greatest rise of blood sugar w as from 0 09 to 0 18 per cent , and the 
smallest was from 0 095 to 0 14 per cent The maximum was usually reached 
m 20 minutes with return to the original level m from 1 to 1 5 hours Cum- 
mings and Piness,” after the intake of 100 gm glucose, found about a SO 
per cent rise during the first hour, with a drop of about one half of this 
during the second hour In subjects having a low tolerance for sugar, the 
rise following the ingestion of 100 gm glucose is distinctly higher than normal 
and the high level is well sustained up to the end of the second hour 

Hamman and Hirschman^® (Lewis and Benedict’s method) say 
that in the normal person, after the ingestion of 100 gm glucose the 
blood sugar rises promptly to a level not exceeding 015 per cent , the 
high point IS usually reached m about 30 minutes, and the whole 
reaction lasts from 1 to 2 hours, occasionally longer They noted in 
many instances that where there is a considerable glycosuria, the 
excretion of sugar continues long after the blood sugar has fallen 
below the level at which it first appeared 

This latter fact — the continued excretion of sugar after the fall of 
blood sugar — may also be remarked in my case Here, the maximum 

25 Hopkins, A R Studies in the Concentration of Blood Sugar in Health 
and Disease as Determined by Bang’s Micromethod, Am Jour Med Sc, 1915, 
149 , 254 

26 Graham, G Variations in the Blood Sugar in Health, Jour Phvsiol, 
1915-1916, 1 , 285 

27 Cummings, R , and Piness, G A Study of Blood Sugar Comparison 
of Tolerance for Glucose in Diabetic and Normal Subjects, The Archives Ixt 
Med, 1917, 19 , 777 
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height and duration of the hyperglycemia after starch and glucose 
remain within the normal limit , the excreted sugar is below 1 gm , and 
there is no proportion between the glucose intake and the excreted 
sugar Therefore, it is difficult to consider this case as a diabetes 
melhtus, but there is almost no doubt that it is a renal glycosuria, since 
the sugar excretion is due to the abnormally lowered threshold of the 
kidney, not to a pathologic hyperglycemia 

The Blood Sugai avd the Renal Threshold of Diabetes — The blood 
sugar of the diabetic is in higher concentration than normal It is only 
in the mild form of the disease or under strict treatment that the blood 
sugar IS normal Following the administration of 100 gm of glucose 
the rise m the blood sugar is greater than normal, and the rise is sus- 
tained longer than in normal men Jacobsen-^ found in two cases of 
diabetes that an appreciable amount of sugar appeared in the urine, 
with sugar-freedom at the beginning of the experiment, and blood 
sugar below 0 15 per cent He explained these facts on the ground 
that the diabetic excretes more sugar than normal at a certain level of 
blood sugar It is also known that there is frequently a higher thres- 
hold for sugar in diabetics without evident renal lesions , some are free 
from glycosuria even when the blood sugar reaches 0 5 per cent 

According to Cummings and Piness,*' in the mild form of diabetes, 
following the administration of 100 gm glucose, the rise of blood 
sugar IS longer sustained than normal, even to the end of the second 
hour In a really or moderately severe case the blood sugar is higher 
two hours after intake of 100 gm glucose than one hour after 
Hamman and Hirschman^” confirmed the finding that the hypergly- 
cemia in mild diabetes is abnormal in definite respects the blood sugar 
rose more slowly and reached its highest point later than normal, it 
also rose to a much higher level, all their three cases exceeding 0 2 per 
cent Likewise, the fall of the blood sugar occurred much more slowly 
than m the normal, the whole reaction occupying from three to four 
hours These authors believe that the duration of the hyperglycemia 
is a more important index of the severity of the alteration of carbo- 
hydrate metabolism than is the height of the hyperglycemia Concern- 
ing the renal threshold m diabetes, they found that mild cases show a 
normal level while moderately severe cases sometimes show a thresh- 
old below 0 1.5 per cent , but usually higher 

Graham,-* m 1916, reported lower and higher thresholds for diabetes His 
patient of lower threshold— a man of 32— in whom glycosuria had been detected 
five years previously, followed an unrestricted diet most of the time, with a 
sugar output of about 10 to 30 gm daily The blood sugar before a meal and 


28 Graham, G Variations in the “Leak Point” in Diabetes Melhtus I A 
Low Level, Jour Physiol , 1915, 49 , Proc Physiol Soc , p 47 


ALIMENTARY RENAL GLYCOSURIA 


105 


after semi-starvation for twenty-four hours varied from 01 to 0 13 per cent , 
and sugar was always present in the urine After 100 gm dextrose the blood 
sugar rose 0 22 per cent in one hour and had not quite fallen to its original level 
three hours later The results in this case seem to iridicate that the escape of 
sugar was due in some degree to permeability of the kidneys, or in other words, 
this case might represent a combination of renal glycosuria and true diabetes 

The Test of the Renal Function — As it was cleai that my case 
shoAved a lowered threshold for sugar, examinations of the renal func- 
tion were made McLean’s^^ adaptation of the Ambard constant was 
employed for the determination of the excretion of urea and sodium 
chlorid 


TABLE 5 — ^The Relation of the Rate of Urea Excretion to 
Concentration in the Blood 

Dee 21, 1917 (10 20 a m to 11 32 a m ) , bleeding at 10 50, total urine, 168 c c 


Weight, 

Kg 

Urea 

NHs 

Acidity (Pohn) 

Per Liter 
of Blood, 
Gm 

Per Liter 
of Urine, 
Gm 

Per 24 
Btours, 
Gm 

Indev 

Per Liter 
of Urine, 
Gm 

N 

— Acid per Liter 

10 of Urine 0 c 

51 

0 244 

9 05 

30 41 

270 j 0 229 

1 

55 8 


Breakfast at 8 a m , bread, 40 gm , butter, 20 em , 2 eggs, half grape fruit, 1 cup of tea 

/ 

TABLE 6 — The Relation of the Rate of Chlorid Excretion (Calculated 
AS Sodium Chlorid) to Concentration in Plasma 
S ame morning 



Sodium Chlorid 

Weight, 

Kg 

Per Liter 
of Urine, 
Gm 

Per 24 1 

Hours, 

Gm 

1 Per Liter of Plasma 

1 

Calculated, 

Gm 

Actual, 

Gm 

Difference, 

Gm 

Threshold 

51 

78 

26 2 

6 21 

6 25 

-1-0 04 

5 66 


McLean has shown that the urea excretion index as an indicator of renal 
function IS preferable to determinations of blood urea interpreted without 
reference to urea excretion The tests were conducted as follows break- 
fast at 8 a m , at 9 50, 200 gm water drunk, at 10 20, urine passed, at 
10 50, blood taken, at 11 32, that is, seventy-two minutes after the bladder was 
first emptied, the urine was collected, measured, and used for analysis McLean’s 
tables show that the normal concentration of urea in the blood varies from 02 
to 0 5 gm per liter The normal urea index lies above 80, with an average 
of 120, based on 100 tests Any index below 80 is considered abnormal, and 
the degree of impairment of functional ability or damage to the kidneys 
becomes greater as the index gets lower An index above 300 may occur in 
healthy young persons with low blood urea, it may result from the washing 
out of urea with a high fluid output, or it may occur with “vascular hyper- 
sensitiveness” (Schlayer) 


29 McLean, F C The Numerical Laws Governing the Rate of Excretion 
of Urea and Chlorids in Man, Jour Exper Med , 1915, 22 , Nos 2 and 3, 
pp 212 and 366 
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The urea index of my case is 270 This is due to the high fluid 
output, the rate of water excretion for twenty-four hours being 3,300 
c c by calculation, while the daily volume of urine is always from 
1,200 to 1,800 c c actually 

McLean has confirmed Ambard and Weill as to the law of chlond excre- 
tion in relation to its blood concentration, and has found that normally the 
plasma chlond varies from 5 62 to 6 25 gm per liter according to the amount 
of salt ingested There is a close agreement between the chlond calculated in 
the plasma b}' Ambard and Weill’s constant and that actually found 

The actual plasma sodium chlond content m my case is 625, and 
the difference between the actual content and the calculated result is 
0 04 Consequently, in this case the renal test shows no disturbance of 
kidney function according to the urea and chlond excretion 

The Relation Between Diabetes and Nephutis — It is well known 
clinically that when chronic nephritis occurs as a complication in dia- 
betes, the kidney excretes less sugar than before and the sugar content 
m the urine is diminished It is also known that hyperglycemia (with- 
out glycosuria) often occurs in cases of nephritis 

Myers and Bailey^'^ lately reported hyperglycemia m nephritis and 
discussed the elevating influence of the nephritis generally accom- 
panying advanced diabetes on the threshold of sugar excretion 
According to Hopkins,^^ nephritic cases all furnish very high figures of 
blood sugar after feeding glucose, the duration of hyperglycemia lying 
between that of normal and of diabetic patients Bing and B Jakob- 
sen,-^ in some cases of nephritis, after ingestion of glucose found an 
abnormal hyperglycemia but no alimentary glycosuria Hamman and 
Hirschman^® say that the renal threshold in nephritis is often above 
0 2 per cent In spite of the fact of the frequently high renal threshold 
in nephritis, however, there is sometimes a normal threshold in 
nephritis, and these authors found also a nephritis with a low threshold 
for glucose, in the neighborhood of 0 15 per cent 

As regards the kidney function in diabetes, Fitz®^ found that the 
urea index in the majority of the cases tended to be normal or abnor- 
mally high In diabetes the plasma chlond is usually lower than would 
be calculated from the chlond excretion according to the formula of 
Ambard and Weill McLean^® found a lowering of the plasma chlond 
in the majonty of his observations in twenty-four cases of diabetes 

oO Mjers, V C, and Baile 3 , C V The Lewis and Benedict Methods for 
the Estimation of Blood Sugar, with Some Observations Obtained in Disease 
Jour Biol Chem , 1916, 24, 147 

31 Fitz, R Observations on Kidney Function m Diabetes Melhtus, The 
Archiv'es Int Med , 1917, 20, 809 
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REVIEW OF THE HITHERTO REPORTED CASES OF RENAL 

GLYCOSURIA 

A seaich of the liteiatiiie of renal gl3’’Cosuria gives the following 
data 

1 Klemperer' (1896, Congress of Internal Medicine, Berlin) repoited a case 
of old nephritis which showed 0 35 per cent sugar in the urine with the normal 
figure for blood sugar, the intake of bread and ISO gm glucose exerted no 
influence on the sugar content either of urine or blood , sugar in the whole 
blood was 0 175 per cent , which, according to our modern conception, must 
be considered as hyperglycemia At the Congress of Internal Medicine in 
Wiesbaden in 1913, where the problem of renal glycosuria was again dis- 
cussed, Klemperer’s case was no longer recognized as a renal glycosuria 

2 Luthje“ reported a patient, aged 22, a merchant, with gonorrhea, cystitis, 

and probably ascending pyelonephritis In the urine were found albumin and 
sugar below 1 per cent , reaching at the utmost 15 gm a day There was a 
constant excretion of sugar showing but very slight variation in the quantitj 
despite great difference of carbohydrate intake per day The single deter- 
mination of sugar in the blood showed sugar as 0 055 per cent in the whole 

blood No mention was made, however, of the time or the relation to the 

diet, so that a conclusion concerning this case is consequently impossible 
Luthje claimed a relation between glycosuria and the nephntis because his case 
was apparently free from sugar before the nephritis, while sugar appeared in 
the urine shortly after the nephritis 

3 Bonniger’’ describes a patient, a man, aged 37, an alcoholic, who said 

that he had once shown urinary sugar of 2 per cent After admission to the 

hospital he excreted sugar to the extent 02 per cent on normal diet Dur- 

ing thirtj -three days’ observation in hospital, the percentage of sugar in the 
urine was remarkably constant in spite of great diffeiences in carbohydrate 
intake, varying only between 0 1 and 0 5 per cent The sugar content of the 
serum was 0 097 per cent , of whole blood, 0 078 per cent Occasionally when 
the urine contained 0 5 per cent sugar, the blood sugar was 0 062 per cent 
This patient, who was observed for six years, is in perfect health and still 
excretes a small amount of sugar His son is also affected with renal 
glycosuria 

4 Welland' makes a report of three cases winch are not all, however, renal 
glycosuria 

5 Tachau® reports a patient, 21 j'ears of age, a merchant, who developed 
gastro-enteritis after an excessive indulgence in fruit The urine showed 
albumin, erythrocytes and casts (transient acute nephritis) The following 


schedule shows the results of experiments 

Days 

Urinary Glucose 

Diet 

Observed 

in 24 Hours, Gm 

Carbohydi ate-f ree 

4 

0 

Mixed (158 to 192 gm C H ) 

6 

0 

Mixed (124 to 412 gm C H ) 

15 

1 1 to 6 0 

Mixed plus 100 gm dextrose 

3 

06 to 42 


The percentage of sugar in the whole blood after fasting was from 0 085 to 
0 086, one hour after 100 gm glucose it was 0 07 to 0 109 

5 E Frank® reports two cases (a) a patient aged 51, who for four years 
had suffered from severe diarrhea of four weeks’ duration, four or five times 
a year, without apparent cause After the attacks glycosuria lasting about 
ten days was observed Dextrose in the urine ranged from 0 05 to 0 5 per 



108 


KINGO GOTO 


4RCH INT 


cent , sugar m the whole blood equaled 0 09 per cent , in the plasma, 0106 
per cent , (6) this patient suflfered from a nervous complaint Sugar in the 
urine was from 0 4 to 0 65 pei cent , in the whole blood, 0 08 per cent , in 
the plasma, 0 08 per cent In both cases, however, the time of the blood sugar 
determination and its relation to the diet were not shown, consequently, this 
report is incomplete Frank’s paper is valuable rather as a report of the 
literature and of his own experiments of renal glycosuria in animals under 
heavy-metal intoxication, as mercury, uranium and chrome In these experi- 
ments he proved a true renal glycosuria His exposition of increased renal 
permeability after poisoning with heavy metals, and also during pregnancy, 
suggests the existence of a clinically permanent renal glycosuria Frank 
further emphasized the importance of estimating sugar in the plasma instead of 
in the whole blood 

7 In de Langen’s” case, a patient of 22 years, sugar was always present in 
the urine, the quantity of excreted sugar varying between 4 and 19 gm in 
twenty-four hours, and showing no proportional relations to the quantity of 
carbohydrate intake After a carbohydrate-free diet there was a high content 
of sugar in the unne, while the smallest excretion of sugar was seen after a 
high carbohydrate intake Intake of theobromin sodium salicylate (diuretin), 
which, according to some authors, influences sugar excretion, had no influence 
in this case Blood sugar was determined in whole blood by Bang’s method, 
there was hypoglycemia (0 054 to 0 073 per cent ) , these results are, however, 
not decisive because the determination was not made until three hours after 
the meals instead of one or two hours, but they probably serve to rule out 
diabetes 

8 Galambos” reported a patient 50 years of age During observation over 
a period of twenty-one days, while the carbohydrate content of the diet was 
between 50 and 354 gm per day, the gb'cosuria varied between 66 and 198 gm 
and the concentration of urinary dextrose between 2 6 and 7 4 per cent Blood 
sugar during fasting showed 0 089 and 0 052 per cent , one and a half hours 
after taking 100 gm dextrose it was 0 17 per cent After caffein, the urinary 
sugar was increased with the increase of urine volume This case shows 
polyuria, polydipsia and acidosis, with much urinary sugar The respiratory 
quotient was said to be 0 709 in fasting 

9 Lewis and Mosenthal’= report the case of a man aged 29, who for the 
previous two or three years had had a tendency to increased frequency of 
urination during the day, but not at night This condition had evidently been 
a pollakiuria rather than a polyuria, as the quantities voided apparently had 
not exceeded the normal There were no diabetic symptoms The patient 
excreted from 11 to 13 gm sugar in twenty-four hours on “ward light diet” 
After the ingestion of 100 gm glucose a hyperglycemia of 0 15 per cent was 
evident within thirty-five minutes Two hours and five minutes after the 
experiment was begun the blood sugar lev-el returned to normal and subse- 
quently became depressed below the normal level The phenolsulphonephthalein 
test showed an excretion of 42 per cent in two hours Ambard’s constant, 
determined at vanous times, was from 0 07 to 011 per cent The kidneys were 
intact as far as physical and urinary signs were concerned, functional tests, 
however, revealed some impairment, as shown by a slightly diminished phenol- 
sulphonephthalein excretion and an Ambard’s constant barely within the upper 
normal figure 

10 Murlin and Niles” report a case of a man aged 20, with no diabetic 
heredity, who two years previously had furuncles, polyuria and thirst with loss 
of 10 pounds in one month After admission to the hospital, sugar in the urine 
was between 19 and 34 gm when the carbohydrate in the diet was between IS 
and 100 gm Examination for blood sugar at 11 a m , five hours after break- 
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fast, revealed a normal percentage on several daj^s As this case was accom- 
panied by diabetic symptoms, however, and as the blood sugar was not tested 
at the proper time, it is hard to classify it as renal glycosuria 

11 Strouse^* had a patient aged 13 who felt perfectly well With noncarbo- 
hydrate diet the urine showed a trace of sugar, not quantitatively measurable 
After prolonged ingestion of carbohydrate, the urine showed the same trace of 
sugar, apparently no more and no less than was present when the patient was 
on a carbohydrate-fiee diet Blood sugar was 0 04 per cent one hour after 
a meal rich in carbohydrate 

DISCUSSION 

There has been a gradual change from the former to our present 
conception of renal glycosuria Klemperer^ regarded this condition 
as a sort of anomaly of metabolism characterized by normal content of 
blood sugar with independence of sugar excretion from carbohydiate 
intake Luthje° and Naunyn^- believed that a relation existed between 
renal glycosuria and nephritis Naunyn^- remarked a renal glycosuria 
occurring with granular nephritis , he reported three cases, but the lack 
of blood sugar determination leaves us uncertain whether there was 
hypergtycemia or hypoglycemia Naunyn believes that nephritis influ- 
ences the epitheha of the kidney to facilitate the excretion of sugai 
This same author also reported glycosuria occurring after renal hemor- 
rhage which had no apparent relation to the diet and which disappeared 
without any restriction of diet 

It is believed that glycosuria in pregnancy and in the puerperium 
IS probably a renal process Furthermore, Frank’s® experiments con- 
firm the work of many investigators concerning experimental renal 
glycosuria due to an increased permeability for sugar after poisoning 
with mercury, uranium, and chromate Among the clinical cases of 
renal gtycosuna already cited, the ones showing a previous aftection 
of the kidney are those of Klemperer, Luthje and Tachau My patient 
also has a record of febrile albuminuria during typhoid fever ten years 
previously But the general conception now is that the existence of 
kidney affection, that is, anatomic change of the kidney (morbus 
brightii and contracted kidney) is not necessary for the occurrence of 
renal glycosuria The reasons for the permeability of the kidney to 
sugar are not yet known 

It has been shown that the blood sugar rises after meals (Bing and 
B Jakobsen,^^ Th B Jacobsen,®^ Strouse®®), and Joslin'* says that the 
percentage of sugar in the blood of normal individuals rises promptly 
after meals and may reach 0 17 per cent Accordingly, if the sugar 
thieshold of the kidney is below the normal level, 0 17 to 0 18 per cent , 

32 Naunyn, B Der Diabetes mellitus, Wien, 1906, p 136 

33 Strouse, S , Stein, I F , and Wiseley, A The Accurate Clinical Studj 
of Blood Sugar, Bull Johns Hopkins Hosp , 1915, 26 , 211 
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there must occur regularly after meals a glycosuria which lasts for a 
certain time and disappears spontaneously It is pointed out by Ham- 
man and Hirschman^® that the lowered renal threshold may occur in 
otherwise normal individuals They believe that a relation between 
the lowered renal threshold and renal glycosuria is obvious 

The intensity of the renal glycosuiia will vary with the degree of 
the affection of the kidney, that is, its permeability to dextrose (1) If 
the permeability is severely affected, with marked depression, urinary 
sugar will constantly appear even when the blood sugar content is very 
low (2) When the renal permeability is but mildly affected, sugar 
will appear only at the high level of hyperglycemia of physiologic limit, 
and there will be no sugar m the urme with carbohydrate-free diet, 
because with that diet there occurs no high physiologic hyperglycemia 
Under a diet rich m carbohydrate, the blood sugar will rise to the high 
lei el of physiologic hyperglycemia and sugar will appear in the urine 
This high level of physiologic hyperglycemia is, in the normal subject 
with normal permeability of the kidney, a preglycosunc level 

Since we know that the blood sugar undergoes marked and rapid 
fluctuation after the ingestion of carbohydrate, and that urinary sugar 
has some relationship to hyperglycemia after meals, it is hardly pos- 
sible to deny, to a certain extent, at least, the existence of a relationship 
of urinary sugar in renal glycosuria to the caibohydrate content of the 
diet In the case under consideration there was no urinary sugar 
when the carbohydrate in the diet was below 34 gm , because the ali- 
mentary hyperglycemia occurring with that diet is under the threshold 
of the kidney for sugar Blood sugar was highest after 200 gm glu- 
cose, but the urinary glucose in that case was less than after 100 gm 
glucose 

From the foregoing facts it is apparent that renal glycosuria may 
depend to a certain extent on the carbohydrate content of the diet 
Therefore, a classification of this condition is necessary (1) When 
the renal permeability is but slightly affected, glycosuria may not 
appear after a carbohydrate-poor diet , but, when it is severely affected, 
glycosuria will not disappear even after the entire witholdmg of car- 
bohydrate from the diet (2) Urinary sugar is not excreted propor- 
tionately to the increase and decrease of carbohydrate in the diet 
Von Noorden- remarks that in mild diabetes the urinary sugar is 
often independent of the carbohydrate intake Therefore, too much 
attention must not be paid to the fact of the independence of urinary 
sugar to the carbohydrate in the diet 

The most important factor in the diagnosis of renal glycosuria is 
the presence of the normal level of the blood sugar when sugar appears 
in the urine 
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Von Noorden" also says that renal glycosuria must be observed 
not a few Aveeks or months, but over a long period of time, since its 
progress is different from that of ordinary diabetes Joslin^ remarks 
the same thing The author’s case has been observed for five years, 
and the tolerance for carbohydrate is still the same and the subject is 
in good health 

Suggestions as to the Natm e of Renal Glycosw la — In the fore- 
going discussion I have tried to show that renal glycosuria may be 
defined according to the following characteristics 

1 Glycosuria occurs without abnoimal hyperglycemia Abnormal 
h 3 pergl 3 '-cemia, as previous^ stated, is entiiely different from alimen- 
tary hyperglycemia of from 0 16 to 0 17 per cent , which is physiologic 
Gtycosuria occurs although the blood sugar is within this physiologic 
limit 

2 There is no disturbance of carbohydrate metabolism, the nature 
of renal glycosuria is entirely different from that of true diabetes 
mellitus, and consequent^, there are clinically no diabetic symptoms 

3 Urinary glucose may or may not have some relationship to the 
carbohydrate in the diet, according to the degree of permeability of the 
kidney In a mild case, sugar will disappear from the urine during a 
carbohydrate-free diet, glucose usually appears after rich carbohy- 
drate intake 

4 During a long period of time no progressive increase of the 
abnormality occurs 

It IS obvious that the term “renal diabetes” is not fitting for the 
characteristics just described, since the condition is not diabetes, but 
IS “alimentary renal glycosuria ” 

Diagnosis of Renal Glycosuria — Notwithstanding the fact that it 
is perfectly simple to observe that the lowering of the renal threshold 
results in the appearance of glucose in the urine without disturbance 
of intermediary carbohydrate metabolism, nevertheless, the question 
of renal gl 3 ^cosuria was left for a long time unsolved The recent 
improved methods of blood sugar anatysis have afforded the first 
opportunity of settling the question of blood sugar and especially of 
alimentary hyperglycemia Now we know that when an individual 
shows sugar in the urine we must determine the blood sugar before 
Vve can make the diagnosis “diabetes,” and furthermore, that in case 
of doubt, sugar must be determined in the plasma, because the renal 
threshold pertains most strictly to it Examination of blood sugar is 
required not only once after fasting, but also at least twice every hour 
after a certain carbohj'^drate diet Avith resultant glycosuria The eleva- 
tion of the blood sugar and the renal threshold of the individual must 
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also be studied Comparison of single blood sugai deteiminations is 
without value By these means, jUst stated, we can learn whether the 
glycosuria is due to disturbance of carbohydrate metabolism or to the 
increased permeability of the kidney for sugar, according as the hyper- 
glycemia present is within the ph3^siologic limit or not We learn at 
the same time the level of the renal threshold in the patient 

The glucose test, which must next be considered, consists in the 
study of the blood and urine of the patient beginning thirty minutes 
and continuing two or three hours following the intake of 100 gm 
glucose with from 250 to 300 gm water, after an over-night fast 
This test shows the condition of carbohydrate assimilation of the 
individual If the hyperglycemia still remains within the physiologic 
limit after the test, we may exclude diabetes mellitus and consider that 
the urinary sugar is due to the increased permeability of the kidney 
to sugar 

The one more important point is the observation of the case over 
a period of years, because, as remarked by von Noorden, there is a 
form of mild diabetes which shows a high tolerance for sugar in the 
early period of the disease To differentiate renal glycosuria from 
this mild form of diabetes mellitus one must determine the course and 
watch the outcome 

Since renal glycosuria brings about no injury to the health or 
annoyance to the individual, it is possible that persons with a lowered 
sugar threshold may unconsciously for a long period excrete sugar 
in the urine after meals The absence of symptoms may quite possibly 
conceal many cases of renal glycosuria which are not at present cred- 
ited It IS also possible that some of the cases of the so-called mild 
diabetes in practice may belong to this form of glycosuria because 
the majority of them aie diagnosed only by the examination of sugar 
m the urine, or, at most, by a single determination of blood sugai 
without relation to the preceding meal An imperfect examination 
might easily diagnose as mild diabetes cases which in reality are renal 
glycosuria with a lowered threshold of the kidney for sugar and per- 
fect carbohydrate metabolism 

Piognosxs of Renal Glycosuua — The present conception of renal 
glycosuria is that this condition is stationary, the glycosuria has no 
tendency to increase and the subject remains in good health My case 
shows, during five years, only the same slightly depressed threshold 
and consequently only intermittent glycosuria after a meal rich in 
carbohydrate Whether this condition will continue for a long period 
of time, say 10 or 20 years, or whether sooner or later a marked 
depression with constant excretion of sugar in the urine will occur, 
only the future can reveal 
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Therapy of Renal Glycosuria — ^It is believed at present that it is 
useless to keep to a strict diet in renal gh cosuria Hov e^ er, ith the 
cases hitherto reported so few and the time of their obsen-ation so 
short there is no suret}- that it is harmless to give carbohydrate and 
glucose in large amounts to persons with lo^^ered kidney thresholds 
since tliere is a chance that the depression might be thereby increased 
The question is still open 

The autlior wishes to express his gratitude for the adMce and criticism of 
Drs F Allen and D D ^'an Shke throughout this work 
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CONCERNING THE GASTRIC LESIONS OBSERVED IN 
EXPERIMENTAL BACTEREMIA 

J W McMEANS, MD 

PITTSBURGH 

The frequency with which hemorrhage and erosions of the stomach 
mucosa are found in infections and intoxications has led some investi- 
gators to suggest the possibility of sucn conditions having a certain 
influence in the production of gastric ulcer Although these lesions 
do at times simulate the so-called peptic ulcer, still there is considerable 
doubt as to whether they ever lead to the round or chronic gastric 
ulcer as it is observed in the human It is almost impossible to say 
that any one factor acts as an exciting or contributing cause in the 
development of a gastric ulcer The many theories which have been 
advanced illustrate the diversity of opinion, and we are today probaby 
little more advanced in solving the problem than were the early 
writers The ideas concerning the effect of an altered blood stream 
on the gastric mucosa, bringing about ulceration, as ivell as the part 
played by the central nervous system and local spasms of vessels 
themselves, are among several of the theories advanced by the early 
writers (TnoreP) Virchow was of the opinion that thiombosis and 
embolism of some parts of the coronary system had to do with the 
production of ulcer, while Openchowsky and v Recklinghausen 
observed atheromatous lesions in the vessels of stomachs in which 
ulceration had occurred According to Nauwerck- the alterations 
found in the blood vessels by the foregoing authors were secondary, 
as ulcers occurred m individuals m whom, he believed, infected food 
and an existing chronic gastritis were responsible for the conditon 
In this connection Ruzicka® was of the opinion that the deleterious 
effect of the gastric juice on the mucosal cells is due to an aleiation in 
the cells themselves and this author believed further that the super- 
ficial gastric cells are fairly easily injured by the gastric juice, while 
die deeper cells are more resistant to such insult The mechanical 
theory was favored also by Stromeyer,^ and paiticularly the injurious 
effect caused by the friction of food on the gastric mucosa TThus it 

* Submitted for publication April 20, 1918 

*From Cornell University, Surgical Division, and the Pathological Depart- 
ment of Bellevue Hospital 

1 Thorel Lubarsch Ostertag, 1898, 5, 142 

2 Nauwerck Quoted by Thorel, Footnote 1 

3 Ruzicka Wiener med Presse, 1897, 38, 10 

4 Stromeyer Ziegler’s Beitr, 1912, 54, 1 
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would appear that ulcerations are developed by a local digestion of 
the mucosa whicli as showm b} Best^ are pre^ented under normal 
conditions b}' the presence of tlie antifennent in the cells 

The occurrence of lesions in the stomach following infections and 
intoxications has been repeatedly observed, with the result that 
erosions and purpuric spots have been described in the stomach in a 
variety of conditions Nauwerck obseiwed ulcers of the stomach in 





Fig 1 — Stomach Rabbit 120 organism 5' ^ahanus showing necrosis of 
folds witli infiltration of poh nuclear leukocites and hemorrhage There is 
extension of tlie inflammatory reaction into the miisciilans mucosa 


scarlet fe\er endocarditis and rheumatism and has described these 
lesions as round or streak} erosions, with necrosis of the mucosa not 
unlike those observed in multiple pluggmg of the capillaries by emboli 
From this Nauwerck designated a particular kind of ulcer in rheu- 
matism Anionsr other workers Widal and ^leslaA® also found ero- 

5 Best Verhandl d Dentscli path Gesellsch 1913 16, 3S5 

6 Widal and Meslay Quoted by Thorel, Lubarsch Ostertag 1S9S 5, 1-2 
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sions m the gastric mucosa following wound erysipelas, while Schim- 
linsky^ described similar lesions in phlegmonous infection of the 
umbilical vein In the so-called hemorrhagic infections, erosions 
and purpuric spots commonly occur m the stomach, and as Babes^ 
has lecorded, it would appear that no single specific organism is 
responsible for hemorrhagic disease Thus, any organism which has 
a damaging effect on the blood vessels causing moleculai destruction 



Fig 2 — Stomach, Rabbit 113, organism, S stibactdus, showing hemorrhage, 
necrosis and infiltration of polynuclear leukocytes which extend slightly into 
the mucosa 


of the walls may well be responsible for the disease Likewise, the 
toxic products of bacteria are capable of producing not only purpuric 
conditions, but can also be the causal agent of excessive hemorrhages 
Prominent among the authors who studied hemorrhagic disease was 

7 Schimlinsky Quoted by Thorel, Footnote 1 

8 Babes Wien med Wchnschr, 1892, 34 , 1321, 35 , 1356, 36 , 36 and 1394, 
Idem Zentralbl f Bakt u Parasitenk, 1891, 9 , 719 
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Howard,^ who described gastric and intestinal hemorrhage, in this 
condition, where capsulated gram-negative bacilli, streptococci and 
other organisms are directly concerned This author concluded that 
hemorrhagic septicemia is, therefore, not to be regarded as a separate 
and distinct disease with definite and constant etiolog}’-, uniform ana- 
tomic lesions and clinical features, but rather as a toxemia attended 



Fig 3 Stomach , Rabbit 135 , organism, S pyogenes, showing ulceration and 
necrosis of mucosa with hemorrhage and leukocytes scattered through the 
necrotic material The infiltration of leukocytes extended to the outer border 
of the submucosa but not beiond it 

by such marked injury to the blood vessels and to the blood as to 
cause extreme dilation of the vessels and hemorrhages with various 
harmful effects on the body cells Similar alterations vere recorded 
by Claisse’^® in pneumococcus septicemia 

9 Ho^\ard Jour Exper Med 1899 4, 149 
10 Claisse Arch du med exper et d’anat path , 1891, 3, 379 
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Concerning ulcers of the stomach of this type, where it is main- 
tained that the stomach is the only organ injured, Thorel made the 
very significant comment that ulcers due to infection are not found 
in otherwise sound people, but are seen in those persons suffering with 
a general infection Oberndorfer^^ has described a type of hemor- 
ihagic embolic enteritis which occurs in pyemia, while McCrae and 
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Fig 4 — Stomach, Rabbit 69, spontaneous ulcer in pyloric ring 


Bardeen^- have collected a series of cases from the literature which 
showed duodenal ulcer following extensive burns 

Just as gastric lesions have been found associated with a variety 
of conditions in human beings, so has it been the fortune of investi- 
gators to produce stomach lesions in experimental animals by diverse 
means Bacteria have plaj^ed their part in the work of several authors, 

11 Oberndorfer Verhandl d deutsch path Gesellsch , 1910, 14 , 159 

12 Bardeen Johns Hopkins Hosp Rep , 1898, 7 , 137 
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notabl} SteA\ art and West^“ and Rosenow The first two workers 
succeeded m producing gastric erosions in five guinea-pigs which were 
injected intraperitoneally with a pathogenic strain of B Welclui 
The) vere also able to produce similar lesions in guinea-pigs injected 









Fig 5 — Duodenum , Rabbit 55 , organism, B acxdi lachci and Staphylococctis 
albus, showing hemorrhage into mucosa with erosion of surface 


With acetic acid In all instances these lesions were observed as ero- 
sions of the mucosa and submucosa with intact muscularis and serosa 
Among the more recent studies of the bactei lologic production of 

13 Stewart and West Jour Immunol , 1916, 1 , 187 

14 Rosenow Jour Infect Dis , 1915, 17 , 219, idem. Jour Am Aled Asso , 
1913, 61 , 1947 
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gastric ulcer is that of Rosenow, who found gastric ulcer in 60 per 
cent of animals injected with cultures of streptococci obtained from 
the tonsils of individuals suffering with gastric ulcer, while but 20 per 
cent of the animals injected with his so-called “indifferent” strains of 
streptococci developed gastric ulcer Ribbert^® was able to produce a 
more advanced type of lesion by freezing the stomach wall with eth}^! 
eWorld After eight days, the muscularis showed marked erosion. 



Fig 6 — Duodenum, Rabbit 117, organism, S cqutuus, showing extensive 
hemorrhage into the mucosa and about the glands in the submucosa 


with an exudate on the serosa and a cellular infiltration in the neigh- 
boring tissues An area 2 cm m diameter, representing the par*- 
frozen, was the only tissue affected It would appear also that several 
of the endocrinous glands may at times be associated with gastric 
alterations In this connection ManW® found gastric erosions in 

15 Ribbert Frank Ztschr f Path , 1915, 16 , 343 

16 Mann Jour Exper Med , 1916, 23 , 203 
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adrenalectomized dogs and cats, while Finzi^^ observed the same con- 
dition following partial adrenalectomy m dogs and rabbits Following 
the subcutaneous and intravenous injection of epmepnn, BiedP® noted 
inflammatory and degenerative changes in animals not only at the site 
of injection, but also in distant organs, such as the mucous membrane 



Ji',. ' • f' r ■ ■’y/"-'' 

/• , , <■( *'.1- r." . ^ ' r 

>> ■ '•:( 'f . . ' ' r: 

* /r« ^ ^ m ^ ^ m f I ^ ^ 

s \ ^ I ^4 ^ J ' p 

' _ A z n » - ^ ‘7 


S X . t •y. « ^ > 

■ X ^ J * * I ^ 


v-^ 








fV j 


«# •'V* # I 4 <A < 




Fig 7 — Peycr’s patch, Rabbit 70, organism, 5 acidi lactici, showing 
hemorrhage into Peyer’s patch with erosion of surface 


and musculature of the stomach, intestines and urinary bladder 
Similarly, Friedman^” described gastric ulcers following the injection 
of thyroid extract and adrenalectomy and later observed the develop- 
ment of duodenal ulcers after the injection of epinephrin In refer- 
ence to this matter, Rosenau and Anderson^'’ had previously pointed 

17 Fmzi Virchows Arch , 1913, 214, 413 

18 Biedl Innere Secretion, 1913, 1, 523 

19 Friedman Jour Med Research, 1915, 32, 95 

20 Rosenau and Anderson Jour Infect Dis , 1907, 4, 1 
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out that gastric erosions are not infrequent in guinea-pigs killed with 
diphtheria toxin, a substance which causes marked adrenal lesions in 
these animals The work of Bolton,"^ who succeeded in producing 
gastiic ulcerations in guinea-pigs by inoculating them mtraperitoneally 
with the serums of rabbits immunized with guinea-pig gastric mucosa 
or liver, is also interesting From this brief review of the literature, 
it IS evident that the etiolog}' of gastric ulcer is still a much debated 
question 

During the course of oui work on the hematogenous production of 
appendicitis we-“ were interested to find that the stomach frequentlj 
showed hemorrhages into the mucosal and submucosal tissues, as well 
as the development of erosions of these structures No effort was 
made to select the organisms as far as their focal source was concerned 
and It was found that eighty-five of the 125 rabbits treated with a 
vaiiety of organisms showed the described alterations in the stomach 
T^^enty-slx of these animals received pure cultures of green strepto- 
cocci, including sahvai lus, 19 , S imtis, 1 , 5" fecahs, 2 , and 5" 
eqtanus, 4 Twenty-eight animals were inoculated with cultures of 
nemolytic streptococci, including 5' pyogenes, 19 , 6* angmosns, 3 , >9 
suhaadns, 5 , and 6" infi equens, 1 Eleven animals were treated with 
capsulated gram-negative bacilli, including B acxdi laciict, 9, B Fiied- 
hiidet, 1 , and B lactis aeiogenes, 1 Of the remaining animals which 
showed stomach lesions, 5 received B coh communis, 4 5" pyogenes 
and pneumococcus, 3 5" pyogenes and 5' salivaiius, 3 5* inf i equens 
and B Fi ledlandei , 3 staphylococci, 1 , 5" sahvai ms and 5' equmus and 
1 pneumococcus Detailed data are shown in the table 

The lesions in the stomach varied from hemorrhage into the tissues 
of the mucosa and submucosa to ulceration of these structures E\en 
in the most severe reaction, the only alteration noted in the muscularis 
was an inflammatory infiltration, with but rarely any evidence of 
destruction of the inner muscle fibers The lesions varied in size from 
that of a pinpoint to well defined areas 0 3 cm to 0 5 cm m diameter 
In most cases the hemorrhages were discrete, although at times they 
weie somewhat irregular in outline, with a tendency to become con- 
fluent when closely aggregated These changes occurred in all parts 
of the stomach, although somewhat more frequently in the cardiac 
end The erosions consisted for the most part of flat looking irregular 
patches, which, many times, were covered b}’^ a grayish slough situated 
on a deeply colored base At times, however, larger areas of ulcera- 
tion w^ere seen A rabbit injected with Staphylococcus albus and 
killed four days later showed a flattened, elongated erosion situated 

21 Bolton Jour Path and Bact , 1914, 19 , 258 

22 MacCallum A Text Book of Pathology, Phila , 1917, p 404 

23 McMeans The Archives Int Med , 1917, 19 , 709 



LrsioNs IN SroMAcii and Oiiiir Ougan 



No ol 
Vnitnalb 

Stom 

aeli 

Appen 

dK 

Duodo 

mini 

Small 

Intea 

tine 

Heart 


JIiiHelo 

Perl 

Art 

I niloLardliini 

1 

Md 

ney 

Thy 

lllllB 

OruHnlsnis Injected 



Joint 





b pyoBCuos 

25 

1!) 

11 

7 

6 

1 

0 

11 

2 

■ 

2 


2 

3 

0 

S Gubneldus 

10 

5 

2 

«> 

n 

0 

0 

1 

0 

0 

■I 

3 

0 

0 

3 

S niiBlnosus 

.1 

1 

1 

1 

B^ 

0 

1 

0 

1 

0 

B 

2 

0 

1 

2 

S Infroqnens 

0 

■I 


1 

0 

0 


0 

1 

1 

0 

1 

0 

0 

0 

S pyoBoncG— S siillvarliia 

5 

WM 

3 

B 

1 

0 


1 

1 

0 

2 

2 

0 

0 

1 

S pyoBcnes— pnouinoeoeciis 

0 

1 

5 

B 

3 

2 

0 

1 

1 

0 

■I 

0 

0 

0 

1 

S InlrcquciiG— n Frledlander 

1 

3 

■I 

B 

t 

0 

0 

2 

0 

0 


1 

1 

0 

3 

S sallvnrliis 

25 

10 

HI 

10 

1 

t 

12 

7 

1 

0 

B 

11 

5 

0 

8 

S equlmia 

0 

1 

2 

1 

0 

1 

1 

0 

1 

0 

1 

2 

1 

1 

1 

& fccidls 

2 1 

2 ! 

0 

2 

0 

0 

" 1 

0 

0 

0 

0 

1 

0 

0 

1 

>S initls 

1 

■1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

S aidivarltia— S eqiilniis 

1 


0 

0 

0 1 

1 

0 

0 1 

1 

0 

0 

0 

0 

I 

1 

0 

0 

PneiiinoeoeeiH 

1 


0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

1 

11 Frledlander 

1 

■i 

1 

■1 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1) aeldl lactiei 

10 

0 

8 


0 

0 

0 

8 

2 

2 

0 

8 

0 

0 

t 

11 lactia aoroKonea 

1 

1 

0 

B 

1 

0 

0 




1 


0 

n 

1 

13 eoll coinmunla 

5 

5 

2 

B 

2 

0 

0 




0 


0 

0 

i 

Stapliyloeoecus 

5 

■n 

2 

Hi 

1 

1 

1 




0 


1 

0 

1 


in 


m 

1 

35 

12 

21 

18 

u , 

1 

5 

15 

05 

12 

11 

15 


lOUmiLN animals , 

NOl WITHIN THE GROUI’S THAr PRI SI NXrO STOMACH 

LI &IONS 




S sallvariiis 

0 

0 

2 

.1 

■ 

0 

1 

V 

1 

<1 

0 

2 

1 

0 

1 

S pyoecnes 

s 

0 

1 

0 

mm 

0 

0 

0 

0 

0 

0 

0 

0 

0 

• 0 

S mills 

2 

0 

1 

1 

B 

0 


0 

0 

0 

0 

0 

1 

0 

0 

Staphylococeiis 

8 

0 

8 

2 

2 

0 

1 

0 

0 

0 

0 

1 

1 

0 

1 

Total 

125 

86 

02 

51 

IS 

12 

20 

18 

11 

5 

15 

08 

15 

11 

17 






























































124 


/ IV McMEANS 


ARCH 


on the greater curvature near the cardiac opening The base of the 
area was clean and light pink in color, with a number of daik hemoi- 
ihagic spots scattered through it The borders of the ulcer were 
sharply defined 

Microscopically, varying degrees of reaction were obseived The 
most frequent alteration consisted of hemorrhage into the mucosa and 
a hyaline-like degeneration of the folds, with a slight infiltration of 
leukocytes and lymphocytes The deep mucosa and remaining layers 
of the stomach Avail Avere free Again, the hemorrhage Avas^more 
deeply situated in the region of the muscularis mucosa, and shoAved a 
loss of structure m the oA'^erlying mucosa, although at times the general 
hyaline outlines of this layer remained In these areas there Avas a 
more marked infiltration of leukocytes, Avith, at times, many cocci dis- 
tributed throughout the area An animal injected Avith S pyogenes 
illustrated the most severe type of reaction obserA ed, and a microscopic 
description of these areas Avill serve to illustrate the third and less 
fiequent degree of change Sections of this animal’s stomach shoAved 
an alteration AAdiich iiiAolved the la3eis doAvn to the muscularis, but 
had left this coat unchanged Over quite an extent, the mucosa Avas 
bioken and eroded \Anth islands of gland structures still to be seen 
oetAveen areas Avhere the structure of the mucosa had been destroyed 
In a large part of the area the mucosa Avas completely destroyed and 
leplaced by an exudate of fibrin and leukocytes Avhich extended into 
the musculaiis m one place along the course of a lymphatic channel 
The' cells of the submucosa Avere SAvollen and increased in number 
Along with the leukocytes, a number of eosinophils, lymphocytes and 
a fcAv plasma cells Avere seen Save for the large ulcerated areas, the 
reaction in the deeper tissues in other places had a patchy appearance 
not unlike areas of focal necrosis A large amount of hemorrhage Avas 
distributed in the superficial tissues 

The frequency with Avhich spontaneous ulcerations occur in the 
stomach of labbits has not been definitely determined SteAvart and 
M est,''" hoAvever, found spontaneous ulcers in the stomachs of foui 
guinea-pigs, and believed from their observations that the incidence 
Avas not higher than 1 in 25 or 30 In one of our rabbits, tAvo ulceia- 
tions Avere found in the pyloric ring These areas had a punched out 
character and Avere covered AVith a yellowish adherent stringy material 
One Avas an elongated erosion measuring 0 6 by 0 2 cm Avhen held open 
by pressure from the serosal side This area, hoAvever, appeared as an 
elongated slit running in the pyloric ring when the edges Avere at rest 
The othei ulcer formed a round punched out pit measuring 0 3 cm in 
diameter, and Avas readily recognized Avithout manipulation Micro- 
scopically, there Avas complete absence of the mucosa, forming an 
eroded area covered by fibrin and necrotic debris, throughout Avhich 
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leukoc3tes and lymphocytes were scattered The base of the ulcei 
lested m the musculans where there was a marked proliferation of 
connectue tissue, within which bundles of muscle cells were seen 
Large numbers of eosinophils and some Ijnnphocytes infiltrated this 
tissue The edges of the ulcer were not undermined In some 
respects, the ulceration just described resembles the more advanced 
lesions observed at times in animals which surMved the intravenous 
inoculation for Uventy-four to forty-eight hours In the latter animals, 
how'ever, the erosion did not extend as deeply into the ivall as the 
spontaneous type described, and there was no attempt at healing as 
observed in the latter type Thus, wnth a definite case of spontaneous 
ulceration at hand, it w'ould be somewhat difficult to entirely exclude 
those advanced erosions not associated with hemorrhage from this 
class Further, the presence of a single ulceration of this type without- 
other e\idence of injury to the gastric mucosa should be looked on 
skepticall} as being caused by the treatment gnen tne animal Of first 
impoitance is the fact that deep mvohements of the \vall are uncom- 
monly noted m this t}pe of experiment in that the process is essentially 
one of hemorrhage followed by superficial erosion 

The changes noted in the duodenum were very similar to those 
obser^cd in the remainder of the gastro-mtestinkl tract, sa^e for the 
fact that the erosions were not as marked as those found in the 
stomach The entire gastro-mtestinal tract w'as commonly the seat 
of hemorrhage and presented this picture in the follownng order 
stomach, appendix, duodenum, small intestine, cecum and large bowel 
Hemorrhages occurred in the duodenum fifty-three times following 
the injection into rabbits of a ^arlety of organisms that w’^ere in no 
instance selected wnth a view to demonstrate localization in this organ 
Even in the most severe form, the reaction in the intestinal tract did 
not present more than a slight erosion of the mucosa Frequently, 
how^ever, there w^ere quite extensne hemorrhages into the submucosa 
and Pejer’s patches 

Whether or not these lesions can be compared wnth peptic or round 
ulcer as it is observed m the human is a much debated question 
Lesions similar to those which occur in rabbits in this type of experi- 
ment have been described in human hemorrhagic disease by a large 
number of writers Furthermore, they have also agreed that there is 
no single organism wdiich can be named as the exciting cause of hemor- 
rhagic disease Regarding stomach lesions of the type in question, 
Thorel w^as of the opinion that they w^ere never found in otherwise 
healthy individuals, but ahvays in those individuals suffering wuth a 
general infection It is on these points that we wash to lay particular 
emphasis We have succeeded in producing hemorrhage and erosions 
of the gastric mucosa in rabbits by treating them wath a variety of 
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organisms, and in all theie were other evidences of a general infection 
Hemorrhages were the prominent feature in other organs of the body, 
although, just as in the stomach, an inflammatory reaction occurred 
not infrequently The ultimate outcome of these lesions is difficult to 
determine, in that one is not afforded the opportunity of studying them 
at varying periods It seems, however, that these lesions disappear 
spontaneously m the majority of cases, and there is no definite evidence 
to support the idea that they burrow deeply into the stomach wall, in 
that all of the lesions noted were superficial in type, and as a rule did 
not extend beyond the inner layers of the submucosa The stomach 
mucosa, no doubt, has a great power for healing, and it would appeal 
that other tissues besides the mucosa are injured m the production of 
chionic ulcer of the stomach, as it is observed m the human Mac- 
Callum^- has removed a large part of the stomach mucosa of dogs, 
and on later examination found the mucosa entirely intact This 
observation agrees with that of Best, who found that healthy mucosal 
cells contain a substance that guards them against digestion In this 
case, healing would occur from surrounding healthy cells by extension 
111 a mannei similar to that observed in other epithelial covered sur- 
faces Further, Nauwerck found that the cells underlying the gastric 
mucosa are very resistant to the action of the gastric juice The 
digestion of the small areas of mucosa in the stomach deprived of 
nutrition by an underlying hemorrhage occurs rapidly, due to the action 
of the gastric juice, and these small pits are frequently found filled 
with a chocolate colored blood With the lemoval of the impaired 
tissue by the action of the gastric juice, the surrounding healthy cells 
undertake the task of repair From our own observations, and the 
evidence which we are able to gather from the literature, we do not 
believe that these lesions represent the initial stage m the development 
of a gastric ulcer as it is observed in man The finding of what 
appealed to be a spontaneous gastric ulcer in a rabbit supports this 
view, in that the expeiimental lesions and the spontaneous lesions were 
very dissimilar Such lesions cannot be justly compared with the usual 
type of gastric ulcer observed in man, in that the strenuous methods 
employed exert a far more widespread influence on the tissues of 
animals than is ever found in humans sufifenng with gastric ulcer 
They more nearly approach the appearance of the human gastric 
lesions which occur during the course of a general infection, and are 
but one of the several manifestations of such a disease Furthermore, 
Ave cannot support the view of elective affinity expressed by Rosenow, 
in that we have observed with equal frequency hemorrhage and 
erosions of the stomach of rabbits following the injection of various 
organisms obtained from mdififerent sources 

Author’s Note This work was earned out under the direction of Dr John 
A HartAvell, to whom I am much indebted for advice and assistance 
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Differextivl Diagnosis Presented through an analysis of 317 cases, by 
Richard C Cabot, AI D , Assistant Professor of Clinical Medicine, Har- 
•\ard University Medical School, Volume 2, Edition 2 Octavo of 709 
pages, 254 illustrations Philadelphia and London W B Saunders 
Company, 1918 Cloth, $6 00 net 

In the present v'olume of this popular work Dr Cabot presents m his clear 
and forceful manner a series of cases illustrative of several important and 
common signs and symptoms encountered in clinical medicine The book is 
apparently the outgrowth of a smaller manual so successfully employed by 
the author in case teaching in the Harvard Medical School and case reports 
used in clinical pathologic conferences conducted at the Massachusetts Gen- 
eral Hospital 

The signs and symptoms, which include abdominal and other tumors, vertigo, 
diarrhea, dyspepsia, hematemesis, glands, blood in the stools, swelling of the 
face, hemoptysis, edema of the legs, frequent micturition and polyuria, faint- 
ing, hoarseness, pallor, swelling of the arm, delirium, palpitation and arrhythmia, 
tremor, ascites and abdominal enlargement, form the subjects of the several 
chapters The records of the Massachusetts General Hospital have been 
exhaustively searched for clinical conditions in which the subjects of the 
various chapters were prominent features and the results tabulated in an 
imposing manner m the order of the frequency of their occurrence m the 
various diseases The tables appear at the beginning of each section and are 
accompanied by a brief discussion of the importance of the particular sign or 
symptom in question in disease entities The discussions are characteristically 
clear and concise and leave no doubt in the reader’s mind as to the author’s 
opinion on the topics taken up His remarks on the significance of dyspepsia 
are particularly good and should be valuable as an aid in the differential diag- 
nosis of stomach disorders 

Throughout the book there is a tendency to be dogmatic and to give undue 
emphasis to the value of statistical methods in clinical medicine One receives 
the impression from reading the discussions and case reports that diagnosis 
m medicine usually is not difficult Most diagnostic problems may be divided 
into three groups one group in which the diagnosis is easy, a second group 
in which the condition is most certainly one of two or three things, and 
it IS in this group that the most skill is required to make an accurate diag- 
nosis In this group it is necessary to bring together all the possible available 
data for careful consideration in the light of experience and knowledge The 
author rightly emphasizes the importance of keeping in mind the presenting 
symptoms in these cases It is, however, dangerous to rely too much on the 
relative frequency of the occurrence of any particular symptom to influence 
one in diagnosis The general picture is necessary In the third group are 
placed those cases in which the evidence is insufficient to make a definite 
diagnosis The cases are numerous, varied, well chosen and admirably pre- 
sented for the most part 

One feels at times that completeness has been sacrificed to clearness and 
brevity 

On page 43 Dr Cabot expresses a certain skepticism as to the ability of 
the “scientifically trained” physician to evaluate adequately subtle histones In 
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reply to this, attention may be called to the statement on page 28, Case 1, 
where the Abderhalden test is spoken of as a distinct aid in the diagnosis of 
pregnancy The Abderhalden test has some years since been proved by the 
“scientifically trained” physician to be unreliable as a diagnostic of pregnancy 
The book is most attractively assembled, has frequent illustrations, with 
good cuts, allowing of no confusion concerning the physical signs, and is 
particularly free from typographical errors It fills a very distinct and impor- 
tant place in third and fourth year teaching as a book for collateral reading 
in connection with this particular work 
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A CLINICAL STUDY OF THE FREQUENCY OF LEAD, 
TURPENTINE AND BENZIN POISONING IN 
FOUR HUNDRED PAINTERS'! 

LOUIS I HARRIS, MD 

Director, Bureau of Preventable Diseases, Department of Health, Special 
Lecturer, Department of Bacteriology and Hygiene, New York 
University and Bellevue Medical College 

NEW YORK 

While medical textbooks constantly emphasize the fact that lead is 
one of the chief agents causing the development of degenerative dis- 
eases of the heart, blood vessels, kidneys, nervous system and other 
organs, there is, however, an accumulation of evidence that in practice 
this teaching is all too frequently ignored or forgotten Health officers, 
particularly m the larger industrial centers, have exceptional oppor- 
tunity through their study of the causes of death assigned m death 
certificates, through the reports of hospitals, institutions and piivate 
physicians, and especially through inspections of factories and the 
medical examination of workers, to appraise the importance of lead as 
a cause of disease One who makes such studies cannot escape the 
conclusion that many workers in the great varieties of industries in 
which lead is employed are injuriously affected by it, but do not seek 
medical care until they have suffered a severe breakdown, frequently, 
too, complaints of such persons are treated without being recognized 
as due to lead poisoning 

This study of painters was undertaken to obtain a more concise 
idea of the extent to which actively employed workers, most of whom 
tnought themselves in excellent health, gave evidence of damage 
inflicted by lead paints The apparent frequency with which tubercu- 
losis in painters, printers and other lead workers who came under the 
notice of the New York City Department of Health seemed to be 
associated with exposure to the effects of lead was another reason 
which led to this study 

For several months, leaders of the various local unions of paints 
were consulted, and through their efforts an opportunity was obtained 
to secure the consent of members of the respective labor bodies to be 
examined The fear and misgiving that the information derived from 
this study might serve some other than the announced purpose of 
flaming sanitaiy measures for safeguarding the health of the workers 

« 

Submitted for publication May 4, 1918 

Since the writing of this report, nearly thirty other painters have been 
examined with results that are m accord with the findings reported m the study 
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had first to be overcome Through the agency of the officers of the 
Brotherhood of Painters, 20,000 educational circulars were distributed, 
in which the dangerous effects of lead, turpentine, benzin and other 
agents employed by painters were detailed These served to prepare 
the way Painting is a seasonal occupation, and therefore only a rela- 
tively small number of examinations could be made during the fall 
and winter months When work slackened, and during a period when 
a strike had been declared, comparatively large numbers of workers 
presented themselves for examination at the Occupational Clinic of the 
Division of Industrial Hygiene Those examined were typical of the 
entire craft No effort was made to select special groups according 
to age or other special distinction They apparently represented the 
intelligent and interested members to whom the possibility of improv- 
ing sanitary conditions appealed, and they came in response to the 
solicitation of the union leaders All of these painters were employed 
in interior painting and decorating, some of them doing wall-paper 
hanging from time to time There were no sign painters, carriage, or 
structural iron work painters among them 

The examinations were made with very few exceptions only by 
those members of the medical staff of the Occupational Clinic whose 
medical skill and competency had been carefully ascertained in con- 
nection with the other routine work of the clinic These physicians,^ 
to whom grateful acknowledgement is due for painstaking and con- 
scientious work, were first given typewritten instructions prepared by 
me after study of authoritative works, in which the etiologic factors 
and the symptomatology of poisoning by the chemical agents used by 
painters were fully described The physicians were urged to make the 
examinations thorough and deliberate, and an average of nearly an 
hour was given to each case 

Before entering on a description of the trade processes and of the 
clinical findings obtained in this study, a few words of explanation 
are necessary as to the reasons for adopting the classification which 
will be adhered to throughout Sir Thomas Oliver,^ gives an appraisal 
of the relative values of the lead line, basophilia, constipation, colic, 
anemia, and the presence of lead in the urine It may here be pointed 
out that Oliver’s estimate of the value of lead in the urine as a diag- 
nostic aid, contrasted with that of Dr W Gilman Thompson,® is so 
much at variance with the latter that it may be of interest and value 
to place the two beside each other 

1 Drs Charles Pines, Ray Robinson, I E Kahn, J D Benjamin, Leopold 
Adams, George Mosher and William Adler 

2 Reprint of lectures delivered before the Royal Institute of Public Health 
in discussing “What Constitutes Lead Poisoning?” Paul B Hoeber, New York, 
1914, p 197 

3 The Occupational Diseases 
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Thompson s^.ys 

Autliorities differ strangely as to the frequency with which traces of lead are 
demonstrable in the urine in chronic cases Oliver believes the test to be very 
positive, and consequently of great value My own experience corresponds with 
that of many French and German writers, who find it very infrequently 

Oliver, on the other hand, says 

I have not found basophilia the help it has been to other physicians Per- 
sonally, I rely more on the detection of lead in the urine Its presence therein 
IS an indication that the metal is in the system and is being eliminated On the 
other hand, lead may be found in the urine of lead workers without the men 
betrajing plumbism These men are on the borderline Let the elimination be 
checked, and sjmptoms at any time may arise The presence of lead in the 
urine occupies the same relationship to saturnism as Koch’s bacillus does to 
tuberculosis, Eberth’s bacillus to typhoid fever, and Klebs-Loeffler bacillus to 
diphtheria 

In other words, a person showing lead in the urine is a “carrier” 
of lead, not in the sense in which that term is ordinarily employed — 
that he may convey the disease to others — but m the sense that 
plumbism is latent, and that any disturbance of the balance maintained 
by the elimination of lead in the urine and feces may precipitate active 
manifestations of lead poisoning Or, better still, Oliver^ compares 
persons with lead in the urine, but without physical signs, to a person 
with chronic valvular disease of the heart in w'hom muscular com- 
pensation has not broken down Through the earnest cooperation of 
Mr Halsey Durand, chermst, attached to the Bureau of Food and 
Drugs of the Department of Health, w'ho made the analysis for lead 
in the urine, we obtained verification of our diagnosis of plumbism so 
frequently, that w^e could not help agreeing with Oliver’s conclusions 
In this report, therefore, the cases are classified in four general groups 
as folloAVS 

1 Active or positive cases of lead poisoning In these, the clinical symptoms 
speak frankly for lead poisoning These cases are subdivided into two classes 
those in which the diagnosis was made on the basis of clearcut clinical symp- 
toms alone, and those in which in addition to such clinical evidence, lead was 
found in the urine 

2 Latent, inactive, or laboratory positive cases In these the symptoms were 
few, but lead was found in the urine 

3 Doubtful or borderline cases In these the clinical findings were 
suggestive 

4 Negative or normal cases 

Further, a word of caution is in place because of the classification 
here adopted Because special emphasis is given to the incidence of 
plumbism, the importance of turpentine and benzin poisoning, and dis- 
eases of various organs should not be overlooked 

4 Bulletin 95, U S Bureau of Labor 
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Only such facts will be given here as to the kinds of material 
handled by painters, as may be necessary for a general understanding 
of the type of poisoning or other disease effects which they might 
produce For a thorough and detailed analysis of the methods of 
work and the character of the chemical agents employed in the 
painter’s trade, the reader is referred to the excellent monograph 
of Dr Alice Hamilton ° Acknowledgment is here made of the service 
which this bulletin has given in the preparation of this section of the 
report 

From a clinical standpoint it is sufficient to know that the following 
aie the chief chemical substances used in the mixing and application 
of paints lead, turpentine, linseed oil, benzin or othei volatile petro- 
leum products generally spoken of as petroleum spirits, benzol, putty 
containing lead, amylacetate and wood alcohol 

The lead pigments which are most used are, m the order of their 
commercial importance , 

(o) White lead, or basic lead carbonate 

(fc) Sublimed white lead, or basic lead sulphate 

(c) Red lead, or lead oxid (used for painting metal or iron work) 

(d) Chrome yellow or chrome green (used for painting wagons, carnages, 
etc ) 

While there has been much dispute as to the relative toxic effects 
of the various forms of lead, it may be accepted as a general rule that 
lead pigments in whatevei form employed tend to induce lead poison- 
ing with slightly varying degrees of rapidity The colic, constipation, 
headache, joint and muscular pains, anemia, lead line on the gums, 
mental and nervous symptoms, especially paralysis or diminished 
stiength of the extremities produced by lead, are too familiar to 
lequire more than passing mention Most lead pigments are now sold 
mixed with oil, so that the effects of dry lead pigment inhaled or 
swallowed as dust when mixing paints, are nowadays, and in this 
country in particular, comparatively negligible In order to place a 
sufficiently thick protective covering of paint on a surface, several 
coats must be applied in succession, especially in work of better quality 
Even when applied with care, a varying degree of roughness of sur- 
face IS left on drying Before an additional coat is applied, these 
rough projections and lines must be smoothed down To effect this, 
a very considerable amount of sandpapering must be done Th^s 
process hheiates large quaiiHties of lead dust and is therefore a most 
dangerous one In Europe, and in Germany in particular, the pumice 

S Hygiene of the Painter’s Trade, Bulletin 120, U S Department of Labor, 
Bureau of Labor Statistics 
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stone used for smoothing this lough surface is wet with water, and 
where this is impiacticable, sandpaper is wet with one of the cheaper 
mineral oils having a low flash point 

Before painting is done it is often necessai y to remove the old layer 
of paint or to smooth it down This may be done by sandpapering, 
by the use of sO-called “varnish removers” containing benzol, wood 
alcohol or other chemical agents, or, in the case of metallic objects, 
the paint may be chipped or burned off The amount of danger in 
all these processes is in direct ratio to the size of the loom or com- 
paitment m which the work is being done, to the excellence of its 
ventilation, and the adequacy of exhaust or other devices for the 
removal of fumes of lead in burning paint off, and for the removal 
of benzol fumes, etc , if the latter are used m confined unventilated 
spaces Lately, steel or mineral wool has often taken the place of 
sandpapei The use of this wool impregnated, respectively, with steel 
or glass particles, adds to the effects of the lead dust that is liberated, 
the irritating effect of these metallic or glass particles on the hands, 
e3'es and respiratory organs 

The danger of inhaling oi swallowing lead dust generated by 
sweeping (especially dry sweeping), by the shaking of dirty drop 
cloths which are used as covers to protect floors and furniture, as 
well as from the raising of dust by moving or walking about, or from 
dusty clothing, is quite appaient 

Finally, the dangei from hands, mustache, or beard that may be 
soiled with lead dust and which are not properly cleaned before eat- 
ing, are too well known to require lengthy description as sources of 
lead poisoning Add to this, lack of care m personal cleanliness, alco- 
holism, and failure to drink milk as a protective agent before and 
during a day’s work, and the chief modes of entrance of lead into the 
body are apparent 

Linseed oil is used as a vehicle for lead pigment For years vari- 
ous investigators, and E C Bayly in particular, have contended that 
the lead and linseed foim a combination which, m drying, gives off 
emanations which Bayly has termed “unsaturated aldehyds ” These 
aldehyd emanations cause headache, retching and vomiting, tiredness 
and often diarrhea The addition of turpentine to lead and linseed oil 
increases the amount of the aldehyd Bayly argues that lead is a slow- 
acting poison, whereas these symptoms appear rapidly in any indi- 
vidual, following exposure in a room which has been freshly painted 
Many differences have arisen as to the part played by lead in this 
combination H E Armstrong and C A Klein hold that the pro- 
duction of volatile emanations is not peculiar to white lead, but is 
common to all chemical agents which accelerate drying of paint, and 
they chaige tuipentine as being the paiticular cause of these harmful 
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emanations Tnllat of the Pasteur Institute found, however, that 
turpentine alone was not responsible for these symptoms, for when 
he combined turpentine with zinc white instead of white lead, although 
the amount of turpentine was the same, no symptoms developed, 
whereas they did appear on exposure to a mixture of turpentine with 
white lead The weight of evidence seems to show that white lead, 
linseed oil and turpentine form a particularly noxious combination 

Henry A Gardner, writing on behalf of the Paint Manufacturers’ 
Association of the United States, has reported that in drying, paints 
generate carbon monoxid gas No conclusive evidence has as yet been 
brought foith m regaid to this theory 

Anothei piocess which deserves attention as a source of lead 
poisoning IS the use of white lead putty to fill in cracks, holes and 
II regularities This is employed more particulaily in painting wood- 
work where high class work is required When not pressed for time, 
putty IS used, and after a few days, when it has dried, the entire paint 
and putty surface is sandpapered 

Turpentine is used to reduce the lead and oil mixture to the desired 
thinness or consistency, it also assists in the drying of paint In 
addition to causing staggering and even unconsciousness, conjunc- 
tivitis, skin irritations, nausea and vomiting, von Jaksch has attrib- 
uted to it headache, dizziness, irritation of the throat and of the 
bronchial tubes and renal system, dry throat, bronchitis and cough, 
strangury and bloody urine 

Benzm and the petroleum spirits are highly volatile and are mixed 
Vv^ith paints, especially the cheaper ones, when quick drying is desired 
Benzm is sometimes used as a thinner in preparing varnish for use 
on ceilings before kalsomimng The chief symptoms which this group 
produces, as described by Sommerfeld and R Fischer, are headache, 
vertigo, nausea, vomiting, cough, irregular respiration, weakness of 
the heart, drowsiness and cold skin , with twitchings and other nervous 
S3^mptoms on awakening When these agents are used, it is the 
piactice to shut out currents of freely circulating air because the paint 
dries too rapidly and produces a streaky effect , painters are therefore 
exposed to the full effects of the benzm 

Benzol, acetone, wood alcohol and amylacetate are the usual ingre- 
dients of varnish and pamt-removers employed by painters Amyl- 
acetate IS used considerably as a vehicle for bronze pigment This 
report will deal little, if at all, with their effects, the subject deserves 
separate study The men using these agents complain not only of the 
effects of the fumes, but suffer from severe skin trouble because of 
the lack of proper protective gloves 
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NUMBER or CASES OF LEAD POISONING AND TURPEN- 
TINE AND BENZIN INTOXICATION 

One hundied and sixty-three, a late of pievalence of 40 per cent , 
of active cases of lead poisoning, were found among the 402 painters 
examined in the course of this study All of these showed definite 
clinical signs of plumbism, 72, or 44 per cent, of the active cases of 
lead poisoning among these painters weie found to have lead in the 
mine in addition to clinical evidence According to Oliver’s view- 
point as to latent or potential cases, there were thirty-five, or 8 7 per 
cent , of the total number examined who were found to have lead in 
their urine, without manifest clinical signs In other words, neaily 
one-half of all the painters examined, or 48 7 per cent , to be more 
exact, gave evidence of active or latent lead poisoning 

Just as we have found that it is most exceptional foi a hi ass 
workei suffering from speltei chills to consult a physician, it is like- 
v,use vciy raie that a painter suffeiing from the effects of turpentine, 
benzm or one of the othei volatile chemicals used as thmners or 
drieis, seeks medical advice on account of their specific effects They 
accept the occurrence of the untoward and seiious symptoms pro- 
duced by these poisonous agents with stoic philosophy and com- 
placency, as if they were the most natural circumstances of their 
tiade and rarely consult a physician when overcome As a result, it 
is virtually impossible to make any reliable estimate founded on med- 
ical observation and study as to the fiequency of intoxication produced 
by these poisonous substances, or to attempt to differentiate from the 
clinical histones given by these men precisely which one of these 
volatile chemicals was responsible m any given case for the symptoms 
described In this study no attempt has been made, therefoie, to 
distinguish between the effects of turpentine, benzm, wood alcohol, 
acetone, benzol, etc At least 70 per cent of all those examined gave 
a fairly clear and recognizable history of at least one or many attacks, 
and 142 painters gave a history of recent severe intoxication, in which 
several or even all of the following symptoms were noted a sudden 
sense of weakness m the legs, iiritation of the eyes, difficulty m breath- 
ing and diyness and irritation of the throat, cough, headache and 
dizziness, which in a number of cases was so pronounced that we 
frequently obtained a history of falls from scaffolding or ladders 
In addition, there were often present nausea, vomiting, painful and 
frequent urination during the day, a few cases of bloody diarrhea, 
and several others of bloody urine A number of painters stated, 
without leading questions, that the urine was subsequently not only 
very dark, but that it had a very strong and peculiar odor The verifi- 
cation of these statements must be left to future study Varnish 
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lemovers containing acetone and benzol were reported to have caused 
severe air-liunger Most of the painters were emphatic that benzin 
had caused them more discomfort and illness than all the other volatile 
agents , its effects seem to be more lasting A number of very intel- 
ligent painters were certain that it had left a feeling of weakness, 
dizziness and giddiness for one or more days A few, about seventy 
m number, who had been at work for varying periods, seemed to 
enjoy a surprising immunity to the effects of volatile chemicals Most 
painters when overcome were quickly relieved when taken into the 
open air Some complained that when they went to an open window 
for fresh air they risked the displeasure of their employer, who 
charged them with loafing It was our impression that those suffer- 
ing from lead poisoning seemed more frequently to suffer from the 
fumes of these volatile substances Practically 60 per cent of the 
recent cases of turpentine and the related type of intoxications were 
found among our 163 active and thirty-five latent lead poisoning cases, 
out of the total of 402 painters studied Forty-seven of the 142 recent 
cases had suffered from frequent and moderately painful urination 
Occasionally, symptoms that indicated strangury with bloody urine 
were described Twenty-three of this group complained of frequent 
attacks of vertigo The age groups of the painters who were studied 
were as shown m Table 1 


TABLE 1 — Lead Poisoning by Age Groups 


Age, Years 

Active Oases 

Latent 
Cases of 
Plumbism 

Border 

line 

Oases 

Negative 

Cases 

Total 

With 
Lead m 
Urine 

Without 
Lead ir 
Urine 

20 to 29 

12 

23 

16 

18 

71 

140 

30 to 39 

30 

36 

15 

15 

57 

158 

40 to 49 

18 

20 

2 

8 

21 

69 

50 to 59 

10 

9 

1 

3 

7 

30 

60 and over 

2 

2 

1 

3 

2 

10 

Total 

72 

90 

35 

47 

158 

402 


It will be seen from Table 1 that a comparatively small number 
survive as active members of the trade after having attained the age 
of 50 years Also, 64 per cent of the active cases of lead poisoning 
occurred between the ages of 30 and 49 years, whereas seventy-one, 
or 45 per cent of all those who apparently were free from symptoms 
of plumbism, were less than 30 years of age Taken in connection 
with the facts that most painters enter the trade before their twentieth 
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j'car, and being skilled woikers, follow it the lest of then lives, and 
that of the 109 who wei e more than 40 years of age, 59 per cent were 
found to be sufiering from active or latent plumbism, it seems fair 
to conclude that the action of lead is slow in asserting itself, but that 
less than half who have passed the age of 40 escape the disease 

Table 2 shows the appioximate number of years which those who 
were examined had spent in the trade 

TABLE 2 — 'Showing Approximate Number or Years in the Trade 


Tears at Trade 

Active Cases 

Latent 
Oases of 
Plumbism 

Border 

line 

Cases 

Negative 

Cases 

Total 

With 
Lead in 
Drine 

Without 
Lead m 
Urine 

1 to 9 

10 

IG 

11 

20 

52 

no 

10 to 19 

28 

37 

17 

14 

G3 

159 

20 to 29 ' 

15 

20 

5 

8 

25 

1 73 

30 and over 

19 

17 

0 


17 

54 

Total 

72 

00 

1 

1 85 1 

47 

158 

402 


It will be noted in Table 2 that sixty-three negative cases weie 
engaged at the painter’s trade for a period of fiom ten to nineteen 
years On analysis, it was found that most of these were less than 
twelve years at this work This table, therefore, seems to emphasize 
the fact that the heaviest incidence of saturnism is to be found among 
those who have been painters for ten yeais or more Thirty-four per 
cent of all those examined who had been painters for ten years or 
more were active cases of lead poisoning, while if one includes latent 
cases, the number is increased to 42 per cent Borderline cases, which 
are those in whom one or more suggestive symptoms were noted, are 
not included at any time in this report with the active or latent cases, 
although there can be little doubt that study extended over a longer 
period of time would have disclosed evidence that would wairant the 
diagnosis of plumbism in several of this group 

USE OF ALCOHOL 

A satisfactory history with reference to the use of alcohol was 
obtained in only 304 cases More than 21 per cent of those in whom 
a history as to alcoholic indulgence was obtained were total abstainers, 
an almost equal number drank excessively, while about 55 per cent 
diank very little and only occasionally We have reason to feel that 
this infoimation was trustworthy Alcoholic indulgence, therefore, 
did not seem m this case to be a marked predisposing factor toward 
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lead poisoning, as it so frequently has been found The number of 
abstainers and of those who drank with great moderation is surprising 
111 view of a number of circumstances that would seem to offer a 
ready excuse for resort to alcoholic drinks For example, in buildings 
that are in process of construction, drinking water is very frequently 
not provided Also, in work in occupied apartments, usually of the 
more expensive sort, inconsiderate housewives, we were told, fre- 
quently seem indifterent to the needs of men who are employed to do 
painting, and appear to regard an effort on the part of the painter to 
use drinking water or toilet facilities as an unwarranted familiarity 
or impel tinence It is scarcely to be wondered at that men, under 
such conditions, should resort to the nearest saloon Moreover, the 
parching of the throat caused by turpentine or other volatile sub- 
stances, produces often a decided craving for something to drink 


TABLE 3 — Use of Alcohol and Lead Poisoning 



Active Cases 

Latent 
Cases of 
Plunibism 

Border 

line 

Cases 

1 



With 
Lead in 
Urine 

Without 
Lead in 
Urine 

1 

Negative 

Cases 

1 Total 

1 

1 

Abstainers 

15 

?6 

1 

2 

22 

1 66 

Moderate users 

29 

34 

16 

i 

19 

7S 

176 

EscessiTe users 

20 

20 

6 

6 

19 

1 

62 

Total 

54 

SO 

23 

j 27 

no 

304 

i 


PRECAUTIONS TAKEN BY PAINTERS AGAINST LEAD POISONING 

Under the head of precautions against lead poisoning may be 
mentioned the drinking of milk before and during work We found 
that while forty-five painters were in the habit of regularly taking one 
glass of milk per day, and eighty-one regularly drank from a pint to 
a quart per day, the remaining 276 were extremely lax in this par- 
ticular A number of these men were accustomed to start the day’s 
work wnth extremely little or no food for breakfast Even of those 
who habitually drank milk, very few took it before starting work 
As a class they seemed unfamiliar with the fact that a moderate-sized 
breakfast and albuminous food (milk in particular), left little free 
acid in the stomach to act as a solvent of lead dust that might be 
swallowed during work 

A total of eighteen out of all those examined testified of their own 
accord that they could not remove the gross particles of lead from 
their hands before eating lunch on account of the lack of proper wash- 
ing facilities in the places where they wmrked, and that they were in 
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the habit of taking hold of then food with paper to prevent contam- 
ination by then fingeis With veiy few exceptions, washing facilities 
for use befoie eating lunch weie of the poorest The use of a nail 
blush, 01 of soap and hot watei, was veiy infiequent A number of 
the men used tuipentme, and a few used benzm as a means of lemov- 
mg paint fiom then hands A laige numbei woie mustaches, but few 
seemed awaie of the necessity of siDecial elToit to cleanse these, and 
especially of the need of cleaning then teeth and mouths befoie meals 
because of the dangeious dust m which they weie woiking 

Only seventeen of the total numbei gave a histoiy of chewing 
gum, and fifteen of chewing tobacco while at woik One bundled and 
seventy repoited that they habitually smoked a pipe, cigais or cigarets 
while at woik It is difficult to say to what degiee these factois may 
have sei ved as a means of cai i ying lead into the stomach 

Inquny was made as to whether special facilities weie piovided 
to enable the men to eat then lunches in a room fiee fiom the piesence 
of lead dust It uas learned that usually the men weie compelled 
eithei to cat m the lOoms wheie painting was being done, oi, in order 
to avoid eating in such looms oi in dark, out-of-the-way and often 
even msamtaiy ccllais of a building, a minoiity went eithei to a 
lestauiant or moie often to the nearest saloon wheie a lieaity welcome, 
a faiily clean table, and faiily clean surioundings were to be found 
Many complaints weie made that owing to lack of lockers foi 
stieet clothing, these had fiequcntly to be kept dining houis of woik 
wheie they weie thickly covcied with paint dust 

SYl^rPTOMS OF LEAD POISONING 

Colic — Eighty-seven pamteis, oi 51 pei cent of all the active 
cases of plumbism, gave a history of lecent colic The same complaint 
was made by thiee of the latent cases, nine of those who weie bordei- 
hne cases, and eight of the negative cases Those who complained of 
colic among the last two gioups, m some instances had also othei 
symptoms stiikmgly suggestive of gastiic ulcei oi chronic appendiceal 
inflammation While a numbei of the boideilme and negative cases 
had associated symptoms such as backache, constipation, and anemia, 
which one with an elastic statistical conscience might have been 
tempted to mteipiet as cases of plumbism, they were not so classified 
While a numbei stated that the abdominal pain was localized to the 
umbilical legion, many othei s desciibed the pain as being of more 
general distiibution The severity vaiied greatly in diflCerent cases 
Some stated that the pain would be repeated often duiing the day 
and night but without regularity, others desciibed a definite recunence 
of seveie ciamps at about the same hour each day Still others 
described the pain as being of continuous chaiacter over a period of 
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from twenty-four to forty or more hours, ^Mth remissions and sub- 
sequent return Twenty-six of the actual cases of plumbism gave a 
histor}" of repeated attacks of colic during the preceding years, which 
were accompanied by various degrees of lead neuritis with wrist drop, 
for which they had to be treated A surprisingly large number of the 
positive cases had never sought or received medical adMce for this 
complaint 

Constipation — One hundred and seventeen, that is 72 per cent of 
the actne cases of plumbism, or 29 per cent of all the painters exam- 
ined, suffered from marked and persistent constipation In addition, 
five of the latent cases, nineteen of the borderline cases and forty-three 
of the negative cases gave the same history Many of these men stated 
voluntarily that they would go for days without a bon el movement 
unless they took a cathartic Epsom salt seemed to be known par- 
ticularly to all of them as the cathartic of choice for workers in lead 
A small number of the painters were in the habit of taking a daily dose 
of Epsom salt for short and infrequent periods as a precaution against 
lead There is always present the danger that men in this trade will 
place such complete reliance on the value of Epsom salt as a preven- 
tive of lead poisoning as to become totally indifferent to the infinitely 
more essential measures of dust prevention aiKi cleanliness 

Headache and Othei Nei-vous Symptoms — Seventy-five — about 
46 per cent — of the active cases, or 19 per cent of all the painters, 
complained of frequent and severe headache, usually in the frontal 
region The t)pe of headache included under this classification was 
distinct, according to the history, from the pains m the head which 
occurred during and immediately after exposure to turpentine, benzin 
and the petroleum spirits 

Impaiied memor) and insomnia were mentioned b}’^ ^arlous 
painters No histor)’- of encephalopathy, psychosis, or other severe 
nervous or mental disorders vas obtained 

Only three cases of lead paralysis were found in those examined, 
these were cases of wrist-drop without other involvement Marked 
diminution of muscular strength was noted in the right arm thirteen 
times, in the left arm nme times, and in both arms m foiiy'^-six of the 
active cases Among the thirty-five latent cases, only one man showed 
diminished muscular power in the right arm The latent cases were 
fairly free from this as also of other characteristic symptoms of 
plumbism Vety^ few of the men here studied showed any impairment 
of muscular poiver in the lower extremities 

The Lead or Bin toman Line — The presence of the blue line on 
the gums, said to be a characteristic symptom of plumbism, w^as in this 
experience of little significance It w^as found in a total of tw^enty- 
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two, 01 a little less than 14 per cent of all active cases, in only one of 
the latent cases, and in a little less than 6 pei cent of all the painters 
examined This opinion as to the lack of distinctive value of the lead 
line has been supported by our subsequent experience in the exam- 
ination of the gums of many other ivorkers in industries in which 
iaige quantities of lead are liberated both as dust and in volatilized 
condition Se^elal physicians employed in this vicinity in the medical 
supervision of laige numbers of lead workers shaie this opinion 
Especiall} m those who aie careful as to the cleanliness of then teeth 
is this symptom infiequentl}^ encountered 

Lead in the U)inc — Of the 162 positive oi active cases of plumb- 
ism, se\ enty-five, or 46 per cent , gave a definite reaction showing 
lead in the urine Of the lemaming eighty-seven active cases, in only 
forty could urine be obtained for this test These weie all negative 
Since this test vas made m only 115 cases of the group of active lead 
poisoning cases, m reaht}^ theiefoie, about 65 pei cent of all positne 
cases gaie the leaction foi lead m the urine The test, in these cases, 
was there foie one of veiy consideiable diagnostic value 

The 1 caction as already stated was obtained m thirty-five additional 
cases, which, m the absence of active symptoms, weie therefore classi- 
fied as cases of latent plumbism 

Thirty--foui of the forty-seven borderline cases had the test applied, 
the chemist in no case being given any intimation of the clinical diag- 
nosis in any of the tests he performed, and of the thirty-foui tests, 
tuenty-foui gave what he reported as a “suspicious” leaction, sixt}^- 
three negative cases had the test applied, and in these only two “sus- 
picious” leaetions weie lepoited All told, the urine of 247 painters 
was examined for lead There was a faiily stiikmg coi respondence 
between the lesults of this test and the clinical diagnosis 

The assistance deiived from the examination of urine for the 
presence of lead in this study was indisputably of great value in 
diagnosis 

The test is one in which the technic was modified by one of the 
chemists of the Depaitment of Health, Mi Dm and, and is of such a 
charactei that it undoubtedly cannot be readily peifoimed in hospital 
and private practice It is on that account not less valuable than other 
diagnostic laboratoiy tests which call for special laboratory skill, such 
as that of the serologist in connection with the Wassermann test, for 
instance The technic of the test is heie briefly given 

Technic of Lead Test — After trying the Blyth and several other methods 
for the determination of lead in the urine, Mr Durand finally devised a method 
which gave accurate and fairly delicate results, and yet did away with the 
boiling over of the tarrv mass of urine usually formed in the test, and so 
made unnecessary that constant watching without which most tests were 
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spoiled His method is the following 200 to 300 cc of urine are treated with 
5 c c of bromin in a porcelain casserole, and evaporated on a hot plate to about 
50 cc It IS then transferred to a platinum dish and evaporated nearly to 
dryness , 10 c c of concentrated nitric acid is then added and the evaporation 
continued to dryness, the residue again moistened with nitric acid and evaporated 
to dryness The residue is then ignited to a low red heat to burn off carbon- 
aceous matter It is cooled, taken up with 4 to 5 cc water and 2 to 3 gm 
ammonium carbonate, evaporated to dryness, and the flame played on the dish 
until the ammonia is driven off It is then taken up with IS to 20 c c of 
10 per cent acetic acid and boiled and filtered hot into a small test tube It 
IS then cooled and 1 to 2 drops of colorless ammonium sulphid and a drop of 
25 per cent hydrochloric acid added, and compared with standard samples 
prepared by adding known amounts of a solution of lead acetate containing 
1 gm of lead per 1,000 c c Even less than 0 025 mg gave a distinct reaction 

Grannlai oi Basophilic Dcgeneiation of Red Blood Cells — Ever 
since Ehilich, and later Grawitz, called attention to the presence of 
granular degeneration of the red blood cells in cases of p'umbism, 
those who have given much study to this disease have carried on a 
merry warfare with respect to the frequency with which it occurs in 
cases of lead poisoning, and with respect to its diagnostic significance 
A number of observers, such as Hoffman and Schmidt of Leipsic, 
'Behrend, Hamel, Moritz, Embden and Schonfeld have contended for 
its value, whereas Teleky and Oliver firmly maintain that it is only 
infrequently associated with plumbism and that its diagnostic value is 
of no moment, especially since, as the former asserts, it is present not 
only in anilin and nitrobenzm poisoning, but m pernicious and other 
foims of anemia, in malaria, and occasionally even in the blood of 
healthy persons who have not been m contact with lead Biondi, in 
1906, stated that he had failed to find basophilic red corpuscles in the 
blood of those suffering from severe lead intoxication 

In the study here leported, the blood of 209 persons was examined 
tor basophilic red cells, with the following results Of 103 active 
cases, 13, oi a little more than 12 per cent, showed stippling, of 19 
latent cases, 5, or barely 21 per cent , were reported positive , of 27 
borderline cases, only 4 showed basophilic red cells, and of 60 negative 
cases, only one was positive It would therefore appear justifiable on 
the basis of this study to say that this sign, like the lead line, is of 
limited practical value 

Anemia — A marked secondary anemia was found in 86 active 
cases, or 53 per cent In 27 of these cases the percentage of hemo- 
globin was less than 70, as estimated by the Talqvist scale Among 
the latent cases 14 patients were found anemic, in the bordeihne cases 
24, and among the negative cases 47 One hundred and seventy-one, 
01 42 per cent of all painters reported on in this study, showed this 
condition A very large percentage of the men, according to the 
clinical description of the medical examiners, had an “anxious, worn 
appearance ” 
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Arteriosclerosis Heart Affections and H'epliiitis — Because of 
tiouble laborator}- and clinic equipment urinalysis was performed 
m only 234- cases, and blood pressure readings were recorded in 232 
indmduals 

E\-idence of arteriosclerosis was found in a total of 63 persons or 
26 per cent of those m whom blood pressure observations were made. 
Thirt 3 --six of tliese persons who had a systolic pressure of 150 or more 
were active phmibism cases Of active and latent cases 44, or slightly 
more than 39 per cent of those in whom blood pressure records were 
made, showed a S 3 'Stolic pressure of 140 or over The remaming 67 
painters or 61 per cent of the actiie and latent cases had a si'stohc 
pressure of 130 or less . tins was rather surprising but it was noted 
that most of tliese cases were among those in ttie \ oungest age group 
and although they had verj- definite clinical evidence of plumbism, 
tliey frequently had a si'stohc pressure of less than 120 This could 
possibh' be accounted for b}’ tlie lowering of blood pressure w hich has 
been noted in animal experiments as occurnng for quite a period of 
time following exposure to or absorption of lead The action of lead 
as has already been stated is a slow one and it is ver}* likely tiiat this 
low* blood pressure is coincident with that penod during w'hich fibrotic 
changes which lead to sclerosis of tlie vascular system are slowh 
makmg headway 

Slightl}' less than 8 4 per cent of tlie painters examined 20 persons 
in all to be exact showed by the presence of albumin casts and otlier 
plwsical signs, the presence of chronic interstitial nephritis This is a 
smaller nmnber tlian we had expected to find, but in explanation it 
should be stated tliat the unne obtained for exammation was fre- 
quentl}* a casual specimen It is possible tliat on this account a number 
of diagnoses were missed which repeated examinations of a tvAenty- 
four hour specimen would have made possible Of the twent}* cases 
sixteen belonged to the group of active plumbism cases 

Eleven of the active cases presented definite heart irregularities 
and feeble muscular sounds indicati\e of myocardial clianges Three 
cases of chronic endocarditis affecting tlie mitral valves (nutral regur- 
gitation) were noted among the active three among tlie latent cases, 
and three among tlie borderline cases of plumbism making nine cases 
in all, there were five additional cases among the negative group 

Backache — This s^miptom was mentioned by mnet}'-one men. or 
56 per cent of the 162 active cases The pains were generally local- 
ized in the lumbar muscles To what degree it may be the result of 
overuse of tins particular group of muscles as a result of postural 
strain in working on ladders, or whether it is due in part at least to 
the local effect of lead it is difficult to saj* There were five cases of 
backache in the latent group tliirteen m tlie borderline cases and 
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fifty-two among the negative cases who complained of this symptom 
Many of the painters complained of pain in the muscles of the calf 
and the thigh muscles as well Dr Koelsch of Munich, and other 
German authoiities, are disposed to regard all forms of muscular and 
“iheumatic” pains as due to exposure to extreme cold in painting 
buildings in the process of construction The painters in this group 
were not so exposed 

The Wasseitnann Reaction — Much debate has centered about the 
influence of plumbism on the Wassermann reaction This question 
was brought forcibly to the fore in 1914 by Oettinger, Pierre-Louis, 
Mane and Baion Cyius Field® reported five out of twelve cases of 
plumbism in which he obtained a positive Wassermann reaction 
Oliver says that in lead patients he only obtained a positive reaction 
where he had leason to believe that in addition to plumbism there was 
3 syphilitic taint In this series of cases, of the 162 painters who had 
active manifestations of plumbism, only ten, or about 8 per cent of a 
•total of 124 who were tested, gave a positive Wassermann reaction, 
and in four a doubtful reaction was reported In each case, however, 
3. history of syphilis or other ground for suspecting syphilis was found 
While a positive Wassermann reaction was obtained in ten of the 
active plumbism cases, the total number of cases belonging to the 
active group which admitted specific infection was thirteen Among 
the other thiee groups of painters included in this study who were 
■classified witii reference to the presence of plumbism, the results were 
as follows 

In eighteen of the latent plumbism cases which were tested, 2 gave 
a doubtful Wasseimann leaction, of 35 borderline cases the laboratory 
reported only one positive case, of 99 negative plumbism cases in 
which blood was obtained, 8 were positive, 2 doubtful and 89 negative 
In other words, the test was performed on 272 painters, of whom 120, 
or 44 per cent , were active cases of plumbism, with a total result of 
mneteen positive Wassermann reactions and four doubtful reactions 

Miscairiages of Painters’ Wives — It has been repeatedly said that 
the wives of men who were the subjects of plumbism, were in many 
instances sterile, or, if they became pregnant, they miscarried, or, 
finally, if a live child was bom, it survived but a short time or was 
much underdeveloped No doubt, miscarriages have been frequent 
^mong other groups of workers in lead, especially those who, like 
potters, carry on work at home, making the domestic environment 
unsafe as regards exposure to lead dust The marital history obtained 
from 124 of the active showed that 116 were married, and seven single 
Among the wives of these 116 painters, according to the statement of 
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tile latter, tliere had been a total of 3^ pregnancies The number of 
diildren Imng at the time of tlie exammation was 257 the number of 
miscarriages was 70 and the number of children who were either 
stillborn or who died from diseases of cliildhood was 13 About 20 
per cent, of all pregnanaes ended in miscarriage 

Of mneteen latent cases, 17 were married, and 2 single The 
vrives of these painters had a total of 28 pregnanaes, with 19 hang 
children 6 miscarriages and 3 deaths 

Of borderline cases 36 were married and 10 smsrle The \Mves 
of tliese 46 went through a total of 67 pregnanaes witli 45 Imng clnl- 
dren 7 miscarriages, and 15 deaths 

Of 153 negative cases m whicli a marital histor}- was obtained 53 
were single (The imdul}' high proportion of single men in this group 
IS indicate e of tlieir belonging to tlie earlier age groups painters as a 
class judged by this experience, many- at a fairly early age ) The 
wives of the 100 married painters in tins group went tlirough a total 
of 205 pregnancies witli 174- living children and 24 miscarriages 
Loss of Weight and ZL'scidar Strength — ^This was a surprisingly 
common complaint Li sevent)’ of the active cases it was veiy- marked 
the loss m weight ranging from S to 20 pounds m the course of a few 
} ears These sevent}- cases do not include tliose men m whom evidence 
strongly suggestive of pulmonaiy tuberculosis was obtained 

D>gcstizc Disturbances — ^^'ere frequent among the men Nausea 
and vomiting apart from tlie digestive upset caused bt* turpentine 
benzin etc were emphasizea by many in whom no eadence of tlie 
toxic effects of lead could oe discovered Fully one tiiird of all painters 
gave a histoiy of gastric distress acid eructations anorexia and nausea, 
which w ere espeaally marked dunng tlie season when work was most 
active Stimulantism tliat is the resort to alcoholic stimulants, espe- 
aally by those workers who feel a strong distaste for food is ivell 
recogmzed and mai' be looked for where digestive disturbances are 
fiequent In tlie experience of tlie Leipzig Sickness Insurance Fund 
and in otlier German funds w here records hai e been kept digestive dis- 
oiders rank high among tlie causes of morbidiri* among painters 

Aidijalgias and So-Called ‘'Rhcuniatistn ” — Pams in various joints 
were menlioncd by 51 painters or 56 per cent of tliose who had signs 
of active plunibism Among tlie 240 latent borderlme and negative 
cases combmed about 20 per cent gave a liiston,- of jomt pains The 
joints affected were in tlie order of frequency tlie shoulder, wnst and 
hip. ^^^llle tliese pams were often diaractenzed by the patient as 
rheumatic, onl}* exceptionally was a histoiy t^qiical of acute articular 
rheumatism obtamed The arm which was most used while at w*ork 
seemed to be most often affected 
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Dr Frank Koelsch^ of Munich, in 1913, submitted an explanation 
as to the frequency of chronic and acute articular rheumatism and 
muscular rheumatism among painters, which does not apply to the 
special group reported on in this paper Taking the statistics of the 
sickness insurance funds of various German cities as a basis, he 
found that these various forms of rheumatism were caused by work 
in exterior painting, because of exposure to extremes of weather and 
to draughts while painting buildings which w^ere in the process of con- 
struction The Leipzig Insurance Fund statistics show^ that painters 
were affected by these various forms of articular and muscular rheu- 
matism more frequently than persons employed in all other occupa- 
tions combined 

While evidence of tonsillitis was rarely obtained in oui series of 
cases, this w^as given as a cause of illness among painters in many 
of the cases in the Leipzig insurance funds and elsewdiere in Germany , 
this IS referred to because of its possible bearing on joint pains 

Pain m the Chest — Fifty-five painters belonging to the group of 
active plumbism cases complained of a dull pain m the chest This 
pain had no typical location, being referred to the front of the chest 
or to the back on either side As described by the painters, it did not 
seem to have the character of a pleuritic pain or “stitch,” or so-called 
pleurodynia There seemed to be so large a degree of similarity, as 
judged by description, betw^een the character of pains in the back and 
those about the joints and over the chest that one got the impression 
that all three types of pain were myalgic in chaiacter, and that the 
joint pains, so-called, were likewise due to pains in the musculature 
about the joints 

Metalhe Taste in Month — Of the 162 active cases of plumbism, 
tnirty, or about 18 pei cent , gave a history of having frequently had a 
distinct metallic taste in the mouth This sensation did not seem 
dependent on the presence of the lead line On the other hand, in all 
the other types of cases combined, this complaint w^as made by only 
four persons 

This concludes the list of essential symptoms elicited in this study 
with leference to lead poisoning 

PATHOLOGICAL CONDITIONS OF GENERAL INTEREST 

Respnatory Affections — Bronchitis and Tiibei cidosis — A total of 
ninety-eight, or nearly one-fourth of all the painters examined, gave a 
history and physical signs of chronic bronchitis Fifty-eight of these 
cases -were found among those giving evidence of active plumbism 
In other wmrds, 59 per cent of all cases of chronic bionchitis w^ere 
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found among the cases of actiA e lead poisonmg In vieu* of the fact 
tliat an apparently disproportionatel}- large number of cases of tuber- 
culosis in painters were reported to the Dmsion of Industrial H3’-giene 
by tlie various Tuberculosis Clmics of tlie Department of Health 
during the last two years, the frequency of chrome brondiitis may 
liaie distinct significance as a predisposing cause 

Dr Edgar L Colhs® dwells at considerable length on the impor- 
tance of bronchitis induced by mineral, metallic or other irntant dusts 
arising in various occupations as established by a number of students 
of tlie suDject He presents a ver}* plausible explanation of tlie ten- 
dency of dusts to produce an antecedent bronchitis which creates a 
special predisposition to either tuberculosis or to pneumonia Accord- 
ing to this theor}', if the dust particles which are mhaled are brittle, 
insoluble and noncolloidal in structure, tlie)' tend to produce tubercu- 
losis otlierw ise tlie}’- predispose to pneumonia j\Iay it not be tliat inte- 
rior painters, who are exposed not only to lead dust, which does not 
appear to be irritating, but to the fumes of turpentine, benzin and other 
volatile irritants as well are therefore particularly subject to the devel- 
opment of tuberculosis^ At all events, the tendency to emphasize the 
importance of dust, and to overlook the predisposing influence of otlier 
irritant agents should be guarded against The anemia caused by lead 
absorption, to which painters are so liable undoubtedly aggrai ates the 
tendency to tuberculous disease of the lungs In all of our cases of 
bronchitis, a sputum examination was made, but w ith negative results 
In tins senes, in two of the active cases of pliimbism the men had 
moderately advanced pulmonar}* tuberculosis with tubercle bacilli in 
tlie sputum Twenty-eight had signs in the lungs, and of these 
eighteen, or 4 5 per cent of the total number examined, were reported 
as shownng evidence of an incipient process, without positive sputum 
Five of the eighteen incipient cases gai e a histor}- of bloody expectora- 
tion or marked hemoptysis . all of these men gaA e a histor}* of marked 
loss of weight and strength and w^ere anemic and several gave a his- 
tor}* of nightsw*eats In only about three or four of these cases could 
a family histor}'^ of tuberculosis be elicited The total of advanced and 
incipient cases w^as therefore tw*ent} or about 5 per cent , and inclu- 
sive of suspected cases, 30, or about 7 5 per cent of tliose examined 
In the Leipzig, and in other German statistics funiished by Koelsch 
and several times alluded to, oronchitis was found to be one of the 
most common complaints, and together w*itli i*anous forms of rheu- 
matism said to be due to exposure to cold, diseases due to ‘ catching 
cold” {ErkaUuugskiaukheifen), are said to have constituted 37 per 
cent of all cases of sicloiess reported to the Leipzig Sickness Fund 
Just as tlie cases of rheumatism due to exposure to cold w*ere negli- 
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gible, because there were practically no exterior painters in our group 
of 402, so the cases of bronchitis which were found in this study 
could not be explained as being due to the effects of extreme cold 
and drafts 

Bionchml Asthma — Seventeen cases of bronchial asthma were 
found in this senes , eight of these were cases of active plumbism 
Skin Diseases — Acne, especially on the back and face, and chromo- 
phytosis were very fiequent In this report, however, interest is 
centered m those forms of dermatitis which might be held to be the 
result of the paints and their ingredients Twenty-three marked cases 
of occupational dermatitis of eczematous type, showing as a rule squa- 
mous patches, were found These affected the fingers and hands 
principally, occasionally the face Slight lesions were ignored In a 
number of cases marked calosities were recorded over the anterior 
tiDial border of the legs, where pressure had been made against the 
rungs of stepladders Although a number of painters complained that 
following the use of turpentine, and varnish removers more particu- 
larly, they suffered from a severe inflammation of the hands, which 
was accompanied by a cracking of the skin and a considerable amount 
of bleeding, those conditions were not observed in the course of our 
examinations This was in all likelihood due to the fact that the men 
came under our notice during a period when they were without work, 
and when such lesions would have had ample opportunity to heal 
Teeth — Ninety painters had a fairly marked pyorrhea alveolaris, 
and 104 showed marked decay of the teeth and lack of care, making 
a total of 194, or about 48 per cent of all who were examined 

Visual Defect — Only marked defects of vision were noted Fifty- 
one such cases were found Ophthalmoscopic examinations were 
not made 

Nose and Tin oat Defects — Chronic pharyngitis was found in 127 
painteis Hypertrophic rhinitis was reported in twenty-eight cases, 
and marked deviation of the septum in 147 painters In only fifteen 
was marked hypertrophy of tonsillar tissue found 

Varicose Veins and Flat Feet — Fort^-two men had varicose veins 
and seventy-two showed marked flat foot 

Inguinal hernia was present in six cases, while a number who had 
previously suffered from this condition had been cured by operation 

REPORT ON INVESTIGATION OF HOME CONDITIONS OF ONE HUNDRED 

FIFTEEN PAINTERS 

The criticism is frequently made that tuberculosis, anemia, malnu- 
tiition, nervous disorders and other abnormal conditions of health 
are wrongly attributed to the influence of occupation, when in reality, 
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insanitaiy home enviroiimenl, lack of food, and domestic wonies may 
be lesponsible for such conditions In order to obtain definite data 
with lespecl to home conditions and their possible influence on health, 
nuises attached to the Occupational Clinic staff were mstiucted to 
visit the homes of all m this senes of painters who lived within a 
ladius of about foui oi five miles of the clinic The visits weie made 
dining the day time A numbei of painteis had moved to other 
quarteis duiing the mteival between their examination at the clinic 
and the Msit of the iiuisc, in still other cases the homes weie found 
dosed on several occasions, and the)' weie not levisited In all, 115 
painteis’ homes weie investigated Speaking geneially, it may be said 
that the sanitary conditions were found to be good Cleanliness, free- 
dom f 10111 oveiciowding, good ventilation and lighting, a sufficient and 
varied diet and absence of alcoholic excesses among the membeis of 
the families weie the geneial rule For those who may be mteiested 
in the details of the conditions lepoited in the homes, the acconipany- 
nig tabulation is given (Table 4) 

RECOMMENDAIIONS FOR HIE PREVENTION OF OCCUPATIONAL 
DISEASES AMONG PAINTERS 

In View of the high moitahty and moibidity lates among painteis, 
compaied with all otheis engaged in industiy, as detei mined by 
authonties in England, Fiance, Geimany, the United States and else- 
wheie, it would seem ui gently necessaiy that stiong measuies be 
taken by public health agencies for the protection of woikeis in this 
paiticulai trade 

Sunimeifeld m Berlin, Koelsch in Munich, F L Hoftman in this 
countiy. Is P De Rooys of Holland, and Legge of England, have 
amply demonstrated in then statistical repoits and studies the pre- 
ponderance of disease and the heightened death rate among painters 
Dr John B Andrews leviewed the deaths fiom lead poisoning that 
occuiied in the State of New Yoik duiing 1909 and 1910, and of sixty 
deaths that weie officially repoited to the State Depaitment of Labor, 
he showed that foity-five occuned among painteis, thirty-seven of 
whom were house painters It scaicely needs more aigument than 
has been presented by those cited above to bung home the full signifi- 
cance of a vigoious campaign to impiove the conditions which are 
undei mining the health and hastening the death of thousands of 
pamtei s 

The lemedial measuies that suggest themselves may be divided 
into two geneial classes fiist, public health measures, second, per- 
sonal hygiene 

Public Health Activities — Public health authonties can ne\er cope 
with the pioblem of pievention in any particulai field unless full infor- 
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TABLE 4 — Home Conditions of 115 Painters 



Active 

Lead 

Oases 

Latent 

Oases 

Border 

line 

Oases 

Negative 

Oases 

Total 

Number of homes visited 

23 

43 

10 

39 

115 

Number of homes of married men 

19 

35 

9 

32 

05 

Number of homes of single men 

4 

6 

1 

5 

16 

Number of v idovers 

0 

3 

0 

2 

5 

Wages per iveeh 






5.12 to $15 

2 

0 

0 

2 

4 

15 to 20 

8 

7 

0 

7 

22 

20 to 25 

11 

16 

0 

25 

52 

Information refused 

5 

2 

0 

0 

7 

Over $25 

0 

18 

9 

0 

27 

Length of employment per annum 






6 to V months 

3 

7 

0 

6 

16 

About 8 months 

11 

17 

3 

11 

42 

About 9 months 

1 

13 

5 

10 

29 

10 months or over 

4 

2 

0 

3 

9 

Not stated 

4 

4 

0 

9 

17 

Number of children in family ! 






None 

9 

26 

6 

19 

60 

One 

5 

5 

1 

5 

16 

Tmo 

2 

7 

1 

2 

12 

Three or more 

7 

5 

2 

13 

27 

Number of children contributing to income 






One in family 

1 

2 

0 

0 

3 

Two in family 

0 

5 

1 

2 

b 

Three or more 

1 

0 

0 

2 

3 

Number of boarders per family 






One 

2 1 

0 

0 

1 

3 

Two 

0 1 

2 

0 ! 

1 

3 

Three 

1 

0 

0 

1 

2 

Average veekly income from all sources 






$15 or less 

2 

7 

0 

1 

10 

Up to $20 

1 

17 

7 

14 

45 

Up to $25 

6 

15 

0 

15 

36 

$25 or over 

2 

1 

0 

2 

5 

No information 

3 

0 

0 

0 

3 

Rental per month 






$15 or less 

1 5 

25 

6 

23 

59 

$15 to $20 

7 

8 

2 

6 

23 

$20 to $25 

5 

1 

2 

4 

12 

$25 or over 

2 

1 

0 

2 

0 

Janitors, living rent free 

3 

0 

0 

0 

3 

Rood Quality 






Good 

19 

38 

10 

28 

95 

Uair 

1 

8 

0 

5 

14 

Poor 

3 

1 

0 

2 

6 

Quantity 






Sufficient 

18 

39 

10 

31 

98 

InsufScient 

2 

3 

0 

0 

5 

Indefimtely stated 

3 

4 

0 

5 

12 

Variety 






Good 

15 

27 

10 

33 

85 

Fair 

4 

0 

0 

2 

6 

Poor 

3 

10 

0 

4 

17 

Alcohol consumed in the home 






Excessive 

0 

0 

0 

X 

1 

Moderate 

13 

16 

9 

5 

43 

None 

7 

23 

5 

12 

47 

Indefinitely stated 

3 

0 

0 

11 

14 

General cleanliness 






Good 

19 

32 

10 

32 

93 

Pair 

3 

8 

0 

s 

14 

Poor 

1 

1 

0 

3 

5 
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TABLE 4 — Home Coxditioxs of 115 Patiexts — (Co? fumed) 




Active 
head 
' Cases 

latent 

Cases 

Border- 

ime 

Cases 

Neg-’tree 

Cases 

Total 

Ventilation 







Good 



SI 

9 

, 27 1 

ss 

Pair 


' 2 

' r 

1 

7 

17 

Poor 


5 

1 4 

0 

' 6 1 

15 

Lightmg 

Good 


IT 

£5 

9 

t 

2 t 

63 

Fair 


3 


1 


15 

Poor 


S 

j 

0 

2 1 

s 

Xmnber of rooms per familv 

Three 


3 

14 

0 

{ 

} 

^ ! 

23 

Four 


14 

16 

6 

1- 

50 

Five or more. 


“X 

11 

s 

s 1 

1 

27 

Number of bedrooms 





i 


One per family . . 


' 7 

i 

0 

‘ o 

IS 

Two per family 


6 

, 2T 

5 

1 1" ! 

55 

Three or more 


s 

10 1 

! 5 

10 , 

CS 

Number of persons per bedroom 

One 


3 ! 

1 

1 

1 

1 ^ ! 

IT 

Two 


15 

' £4 

s 

19 ’ 

To 

Three 


i 

1 5 

[ 

1 

1 

4 ; 

t 

14 


As regards a number of items irhich are mcladed m this tabiJauon definite statements 
rrere ireqcentlv not obtainable from the person who was mtemewed, for tins re-’son such 
mformation was frequently omitted from the tabulation or data just green 


mation is obtained as to the extent and prevalence of a given disease 
and of all arcumstances winch predispose to its occurrence Just 
exactly as it is essential for success m the prevention of t^-phoid fever 
to have complete reports of all cases occurring in the conimumt} m 
order to be able to ascertain what possible sources of infection mat 
have caused any particular group of cases so it is essential abote all 
things else not only tliat pltysicians shall be held legally responsible 
for the reportmg of all cases of lead poisonmg that come to tlieir 
professional notice but emploters large and small should be required 
by law to keep a register of all cases of occupational diseases and of 
accidents resultmg from work tthich occur among their employees 
If, by a St stem of factor}- inspection and adequate penalnes such a 
law were enforced the frequency of such diseases t\ ould become full}- 
known to the public health authorities The particular processes or 
emplot ments m which such diseases occurred could be definitely ascer- 
tamed and tlie proper measures could tlien be mstituted for the elim- 
ination of the factors causing such diseases 

Aside from such a general measure of control the following spe- 
cific provisions should be enacted 

1 The mixing of dn lead pigments t\ith oil or paints while not ^ frequent 
source of danger, should not be permitted except when proper prolusion for the 
eScient remoial of lead dust that mai- be generated in the process, has been 
made. 

2 Dri sandpapenng should be prohibited, the use of pumice stone and 
water, or sandpaper moistened nuth one of the cheap mineral oils haiung 
a low flash point, should be made mandatory 
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3 When chipping of paint, or the removal of paint by the use of acetone, 
wood alcohol, benzine, benzol or other volatile poisonous agent is employed, 
protective clothes and gloves of suitable character, kept in good repair, should 
be provided by the employer If this wok is done in confined or enclosed 
spaces, adequate means for ventilation should be provided The enforced use 
of gloves in painting, and also in removing paint, would be an ideal measure 
of prevention, because it is through soiled fingers more largely than through 
any other source that poison is introduced into the body 

An educational campaign would be necessary among painters to 
pievail on them to use such gloves if their provision was made man- 
datory In an inquiry that was conducted among a limited number 
of painters, it was found that about 40 per cent did not take kindly to 
the idea of wearing gloves, though this is entirely practicable for most 
forms of work 

Lockers or other adequate provision for the protection of street 
clothes from contamination by lead dust should be made mandatory on 
all jobs, small or big, whether done in a shop or carried on m apart- 
ments Overalls should be provided , keeping them in good repair and 
clean is a matter of personal hygiene for which special educational 
effort would be required Free access to toilets should be guaranteed 
to every employee, whether work is to be carried on in buildings which 
are in process of construction, or elsewhere Washing facilities and 
especially hot water, nail brush, soap and towels should be provided 
by every employer Many painters who today use turpentine for this 
purpose because of lack of hot water and other necessities, would 
gladly avail themselves of such facilities , and that minority which is 
indifferent to the use of this most important protective measure could 
be induced to adopt the habit through educational effort 

Lunch-room provision in a place apart from shops or apartments 
in which painting is done or in which lead pigments are mixed, should 
be provided on all jobs 

Drop cloths should be frequently changed or washed 

The Subshtuhon of Zinc for Lead — For many years a bitter and 
confusing debate has been waging between those who advocate the 
bubstitution of zinc oxid for white lead, and the champions of the 
latter paint-pigment Numerous experiments have been carried on in 
England and in France particularly, to settle the dispute as to whether 
zinc oxid IS practical for use, especially in interior work, because it is 
the exposui e to lead dust in interior painting that is the most harmful 
element in the painter’s work In France, certain public buildings 
have for some years been painted with a zinc oxid paint containing no 
lead, and have been exposed to vanous influences of climate and air 
contamination, with apparently satisfactory results Had it not been 
for the present war, a law passed by the French legislature would 
have gone into effect in 1915 to prohibit the use of white lead in 
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interior painting. In England the opinion of many master nainters 
seemed eqnaKy divided as to the nracticai vaiae of substitution of zinc 
oxid for vhite lead. 

Professor Ladd of Xorth Dakota in a letter to the T.*riter in 1916 
did not share the faith of those vrho thought the substirution of zinc 
oxid was feasible and insisted that personal hygiene vras the chief 
element in the elimination of lead poisoning among painters 

A room in one of the cLnics in the Department of Health was 
painted a year and a half ago with a paint containing zinc oxid with- 
out any lead mgredient of any character and while it has not been 
exposed to fumes or other mSuences which anect the wearing qualities 
of paint. It seems to have given good service. It would be manifestly 
unfair on the basis of this limited personal experience to venrure any 
opimon on this moot question winch has engaged the srudy of the fore- 
most technical experts One may however express the hooe that 
cither zinc oxid may be found feasible and useful as a substirate for 
white lead in order to dimmish the unusuahy nigh rate of sickness 
and death among painters or else that manufacturers of white lead 
or other lead pigments and employers of labor, wih lom with pubhc 
healtii authorines in an energetic and sincere enort to employ all 
educational and all other agenaes for the safegurcLng of the health of 
the many thousands of workers who are employed in this trace At 
present there is no estimate ai*aiiable of the total number of painters 
in the Un.ted States In the German sickness insurance funds in 191- 
it was estimated that over 168 003 men were employed in Germany 
as house painters: this was exclusive of employers and foremen. 
This gives some idea of the enormous number whose health and 
welfare are involved in this trade in e'''ery coimtry If one were to 
include the numerous industries in which painting is an important 
essential as a part of general manufacture the number of pamters 
would undoubtediv be ven* greativ increased. 


Label n a of bolsor.oi's cacu^s — ^hverv manufacrurer or naint in 
Xorth Dakota and those who wish to sell paint products in Xorth 
Dakota are made responsible for a dennite statement on a label as to 
poisonous ingredients which the paint mixtures may contam. This 
law IS highly commendable a.nd should be adopted elsewhere. 2\Iore- 
over, the clear labeling of ail mixtures placed m the hands of employees 
b}' employers should be required so that all pioisonous ingredients may 
be known: and such label should contain a proper warning as to the 
dangers of such mixture and the method of preventing poisonous 
eSects . and such warning, furthermore should be printed in the lan- 
guage familiar to the particular group of workers who may handle such 
paint. 
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The German law provides for many of these safeguards and is 
clear and explicit about the provision of temporary working sheds for 
the protection of clothing and for use as lunch rooms In connection 
with regulations for the protection of painters during lunch periods, 
it is important to recognize that the painters who receive a mere half 
hour for lunch and who are not allowed extra time for washing will 
be subjected to an overwhelming temptation to omit this most important 
preventive measure It should therefore be made mandatory that at 
least five minutes should be allowed from working time for the use of 
washing facilities before eating lunch 

Compensation foi occupational diseases and foi occupational lead 
poisoning in paiticidai, will do nioie to safeguaid the health and lives 
of woikers than any other single legal or hygienic nieasuie It should 
not be delayed 

Peisonal Hygiene — Personal hygiene is so intimately connected 
with some of the measures that have already been considered, that it 
has been unavoidable to make passing mention of them in the course 
of the recommendations made under the preceding heads It is most 
essential, as Richard Miller has pointed out, that workers be made to 
realize that they are exposed to unusual danger, and that the man who 
IS poor in health and has low powers of resistance, will, in all likeli- 
hood, be much more readily susceptible to lead poisoning, to tubercu- 
losis, and other diseases peculiar to painters than one who is well 
nourished So dangerous is this trade, and so important is personal 
hygiene, that a robust and powerful man entering this trade, unless he 
exercises due care as regards his person, will succumb more readily than 
a painter having low powers of resistance who exercises extreme care 
as regards personal cleanliness and general hygiene Washing of the 
face, mouth, hands and mustache, particularly before eating, stands as 
the foremost protection to be taken by painters By washing is not 
meant a mere perfunctory exercise, but a thorough cleansing of the 
hands with hot water, nail brush and soap It would be manifestly 
impossible to urge this on painters unless the law compelled the pro- 
vision of these facilities 

Eating before going to work is a valuable and necessary precaution 
' Lead seems to be much more readily absorbed from an empty stomach 
than from one which contains milk or other food Milk is especially 
valuable for the purpose and should be taken during the day 

The use of alcohol subjects persons to a greater risk from lead 
poisoning and makes them more readily susceptible to the effects of 
turpentine, benzin and other volatile agents 

Painters should be warned against dry sweeping A moistening 
agent should be employed wherever this is necessary, and while it has 
been found practically impossible to induce painters to employ respira- 
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tors, the}’ should be urged to wear same especially v.hen dust is 
unavoidably raised m any process 

Stnokuig — Smokmg which is regarded as a most innocent habit 
by the majorit}* of workmen, has a peculiar danger to the painter It is 
not the efect of the mcotm or tobacco which is vramed agamst, but it 
15 the unavoidable placing of lead dust m the mouth through the han- 
dlmg of agars or cigarets or pipes t^uth lead-stamed fingers or through 
placing tobacco or chewmg gum into the mouth with such soiled fingers, 
that constitutes the grave danger 

^^'hen any painter is compelled to use a pamt material contaming 
benzin turpentine or other volatile poison in a confined or enclosed 
space speaal means for ventilation should be proinded or if tins is 
impossible, such employees should work on short shifts bemg per- 
mitted to leave their work for a few mmutes to go to a wmdow for 
rehef from the stmocatmsr effects of such dangerous fumes Those 
painters doing mterior work or workmg in btuldmgs vrhich are in the 
process of construction should be particularly careful to wear adequate 
protective clothing to protect themsehes from the effects of draughts 
and colds 

SPECLtL COOPERATR-E IXVESTIGATIOX OF PAIXTIXG I>DXE 
FOR THE CITY OF NEV.' YORK 

Through the courtesy of Dr. Ro}al Sleeker Commissioner of the 
Bureau of Labor Statistics of the State Department of Labor Dr. 
Alice Hamilton who has been widely recognized as an investigator of 
occupational diseases became mterested m makmg a study togetlier 
with the writer of the conditions under which pamtmg on public prop- 
ert}' was done m the Cit}* of Xew York. Complaints had been fre- 
quently receivea and from varied sources, to the effect that many of 
the conditions which were responsible for disease among painters in 
various occupanons also existed in connection with the pamtmg of 
much of the public propert}* of the Cit} of Xew York A number of 
the public bath houses public lavatories detention quarters for pris- 
oners and other buildmgs were inspected by Dr Alice Hamilton vho 
made a special visit for the purpose m the winter of 1916 and v.ho 
in some of these visits was accompanied by the writer 

In brief it was found that pracncally all of the conditions v.hich 
obtamed in the painters trade and are encountered m private enter- 
prise were also present in conncaon with the pamtmg of these build- 
ings There were comers or closets in many of the buildmgs m v nich 
no doubt painting without special devices for ventilation was bound to 
cause benzin poisonmg \*amish removers were also in use in a gooa 
many instances exactly as they were in connection with prit ate work 
In prison quarters it was found that the prisoners who had not had 
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previous experience in this work, were given painting, sandpapering, 
scraping, or other work to do which created considerable amounts of 
lead dust, without having received proper instruction as to methods of 
protecting tfiemselves against lead poisoning 

The character of the work varied with different types of buildings 
that were inspected Again and again, information was brought to us 
by various painters that the work done under contiact for the city in 
connection with school huildmgs was often of a character m which 
large quantities of inferior paint were employed, and in connection with 
which a larger amount of thinners and driers were employed than 
with other grades of paint This, so far as our investigations went, 
was apparently true in some cases We were also informed that at 
various periods the spray method of painting -was used in connection 
with the painting of park benches, although it was impossible at the 
time of our inspection to verify these facts from personal observation 
It IS well recognized that the spray method of painting, unless sur- 
rounded by safeguards of unusually excellent character, is one of the 
most dangerous methods and may produce disease as the result of 
exposure to lead spray and to fumes of turpentine and benzin The 
essential fact brought out by the investigation made jointly by Dr 
Alice Hamilton and me was that industrial hygienic supervision is a 
most important and useful function to serve, not only in connection 
with private business, but equally in the multitude of industrial activ- 
ities of a large city The strictures made m connection with painting 
done for the city do not indicate a lessened regard for human welfare 
on the part of those who are conducting this work, but rather they 
reflect an indifferent and unenlightened attitude with respect to the 
health protection of painters throughout all American cities 
139 Center Street 
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THE PRACTICAL IDENTIFICATION OF ENDOTHELIAL 
LEUKOCYTES IN DIFFERENTIAL BLOOD 

COUNTING 

FOURTH REPORT OF STUDIES ON TFIE MONONUCLEAR CELLS OF 

1 HE BLOOD ■’ 

F A McJUNKIN, MD, and ALICE CHARLTON, MA 

MILWAUKEE * 

A method for the identification of endothelial leukocytes in the 
peripheral blood has been reported by one of us ^ This method, as was 
pointed out in its description, is not well adapted to routine work on 
account of the impossibility of bringing all cells into contact with the 
carbon particles of the suspension employed to determine the phago- 
cytic properties of the leukocytes The purpose of this paper is to 
record the application to blood films of an indophenol staining reaction 
which brings out characteristic cytoplasmic granules in the endothelial 
leukocytes 

Leukocytes Gianule Stmn — To apply the stain, a blood film made in the 
usual way on a 22-mm square coverglass is covered for one half minute with 
5 drops of an alphanaphthol-methyl-violet solution in order to fix the prepara- 
tion, the alcoholic stain is then diluted with an equal amount of distilled water, 
and the dilute stain allowed to act for five minutes The preparation is washed 
with water, dried with filter paper, counterstained for two or three minutes 
with 0 01 per cent basic fuchsin (Grubler), washed, dried in the air, and 
mounted in balsam 

To prepare the alphanaphthol-methyl-violet solution, add 0 2 gm alpha- 
naphthol (Merck reagent), 0015 gm methyl violet 5 B (Grubler) and 02 cc 
hj-'drogen peroxid to 100 cc of warm 80 per cent alcohol (made from absolute 
alcohol) The hydrogen peroxid used should contain approximately 3 per 
cent by weight of the gas as determined by titration with decinormal potas- 
sium permanganate 

Reaction of the Blood Cells to the Stain — Nuclei and cytoplasm are colored 
red, except the cytoplasmic granules in neutrophils, eosinophils and endothelial 
leukocytes, which are blue The granules of basophils are of a distinctive red 
color The granules of the eosinophils are large and the central portion 
appears unstained so that these granules have a very characteristic ringlike 
appearance not seen in the granules of other leukocytes The platelets take the 
red stain faintly, the erythrocytes are pink 

Since the red cytoplasm of lymphocytes is entirely free from bluish 
granules, the only differentiation requiring discussion is that between 

* Submitted for publication June 3, 1918 

From the Pathological Laboratory of the Marquette University School of 
Medicine 

1 Mcjunkin, F A The Archwes Int Med, 1918, 21 , 57 
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the neutrophils and endothelial leukocytes That these two cells have 
an entirely different origin has been shown elsewhere by one of us ^ 

The character of the granules of the endothelial leukocytes and 
the relationship between granules and nucleus distinguish them from 
polymorphonuclear neutrophils Of these two points, the first is of 
greatei importance The granules of the endothelial leukocytes are 
discrete and the cytoplasm is distinctly seen between them, while the 
neutrophilic granules are so thickly placed that little of the cytoplasm 
can be seen The neutrophilic granules are larger and more regular in 
shape than those of the endothelial leukocytes (Plate, A, B, C) In 
pathologic blood in which mononuclear myeloblastic cells (neutrophilic 
myelocytes) are present the character of the granules assumes a greater 
significance liowevei, since the granules of neutrophilic myelocytes 
and of the so-called metamyelocytes are even more prominent than 
those in the polymorphonuclear neutrophils, there is no chance of 
confusing myelocytes and endothelial leukocytes, although both are 
mononuclear The diffeiential character of the endothelial leukocyte 
IS the presence of blue granules m a mononuclear cell Although 
the nucleus of this leukocyte frequently has a broken outline, it does 
not consist of pyknotic nuclear masses connected by filaments The 
reason that endothelial leukocytes cannot be identified in films stained 
with a polychrome blood stain is that some of these cells, such as the 
one shown in B in the plate, aie entirely devoid of granulation and 
cannot, therefore, be distinguished from lymphocytes when they 
approach these cells in size 

Endothelial leukocytes after incubation with carbon suspensions 
according to the method previously referred to^ contain carbon That 
the carbon-containing mononuclear leukocytes (Plate, D, E, F) react 
typically to the stain is proof that the cells undei consideration in this 
and previous reports are one and the same 

Since some of the endothelial leukocytes contain no granules when 
stained with polychrome blood stains, and since they approach lym- 
phocytes in size and shape, reported increases in the nonlym- 
phocytic mononuclear leukocytes must be accepted with qualifications 
Increases in the so-called “transitional” leukocytes have been reported 
in typhoid fever, Plodgkm’s disease, malaria, and other conditions bv 
various observers F A Evans® found 40 per cent of this variety of 
leukocyte in a case of secondary syphilis under tieatment with 
salvarsan 

The authors have examined the blood in four cases of syphilis 
under treatment with preparations of arsphenamin (arsenobenzol 
brand) with the results recorded in the following paragraphs 

2 Mcjunkin, F A Am Jour Anat , 1918 In press 

3 Evans, FA The Archives Int Med , 1916, 17 , 1 
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REPORT OF CASES 

Case 1 — H S, man, aged 21, hereditary sj'philis, Wassermann + + + 
Feb 6 to March 22, 1918, five doses arsphenamin and five doses salicylate of 
mercury, last dose of arsphenamin seven days before examination of the blood 
The blood examination showed 6,950 leukocytes per cubic millimeter, with 72 
per cent endotliehal leukocytes, 60 6 neutrophils, 28 7 lymphocytes, 2 6 eosino- 
phils, and 09 basophils 

Case 2 — E S, man, aged 25, secondary syphilis, Wassermann -f -{- -J- 
Two doses of arsphenamin , last dose twelve days before examination of the 
blood Blood examination showed 9,650 leukocytes with 6 1 per cent endo- 
thelial leukocytes, 56 * neutrophils, 34 8 lymphocytes, 2 3 eosinophils, and 0 8 
basophils 

Case 3 — J A , man, aged 40 , lesion on the tongue , Wassermann -}--}- + + 
Feb 8 to April 5, 1918, received four doses of aisphenamin, last dose ten 
da>s before examination of the blood The blood examination shows 6,700 
leukocytes with 8 35 per cent endothelial leukocytes, 51 neutrophils, 3724 
lymphocy'tes, 2 02 eosinophils, and 1 39 basophils 

Case 4 — E W, man, aged 29, syphilis ten years previously, at the time 
of examination theie weie difficulties in the movements of the left leg and arm, 
Wassermann “doubtful” April 12, 19 and 26, and May 3 and 10, he leceived 
intravenous injections of arsphenamin The following percentages of endo- 
thelial leukocytes were present April 10, 5 65, April 11, 3 35, April 13, 3 24 
April 15, 483, April 17, 33, April 20, 5 05, April 23, 49, Apiil 25, 46, April 27, 
5 3, April 30, 7, May 4, 6 38, May 7, 603, May 11, 423, May 15, 4 5 The 
number of leukocytes varied between 6,200 and 10,600 

In thiity-four difteiential counts made on the blood of noimal 
adults the ayeiage percentage of endothelial leukocytes was found to 
be 5 per cent , an average of these leukocytes on the seventeen counts 
made on the four cases of syphilis receiving aisphenamin is 5 3 per 
cent The percentages aie based on counts of from 1,000 to 2 000 
- leukocytes It would seem, Iherefoie, that increases in this variety of 
cell are not produced by the intravenous injection of arsphenamin 

CONCLUSIONS 

The endothelial leukocytes of the peripheral blood can be stained 
differentially That the stain is specific is shown by staining blood in 
which this variety of leukocyte is characterized by ingested carbon 

EXPLANATION OP PLATE 

Drawn with camera lucida and oil-immersion objective 

A, B, and C are cell groups from normal blood stained with leukocytic 
granule stain A, endothelial leukocyte, neutrophil and erythrocyte, B, endo- 
thelial leukocyte, neutrophil and lymphoc 3 ^te If it weie not for the distinct 
blue granules in the endothelial leukocyte, it would be difficult or impossible 
to differentiate it from some of the lymphocytes, C, endothelial leukocyte, 
erythrocyte, and eosinophil Note the ringlike appearance of the eosinophilic 
granules 

D, E, and F are cell groups from normal blood incubated at 37 5 C with 
a carbon suspension, films stained with leukocytic granule stain D, lympho- 
cyte, erythroc 3 d:e and endothelial leukocyte containing carbon, E, erythrocji:e, 
neutrophil, and endothelial leukocyte containing particles of carbon , F, erytliro- 
cj^e, lymphocj'te, and endothelial leukocyte containing numerous carbon par- 
ticles that have been ingested by phagocytosis 
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I THE BLOOD SUGAR IN THYROID AND OTHER 
ENDOCRINE DISEASES 

THE SIGNIFICANCE OE HYPOGLYCEMIA AND THE DELAYED 
BLOOD SUGAR CURVE " 

N W JANNEY, MD, and V I ISAACSON, BS 

NEW YORK 

It IS generally recognized that the thyroid and other endocrine 
glands exert an influence on carbohydrate metabolism, but a clear 
understanding of this function has not as yet been reached Experi- 
mental studies of this subject weie accordingly undertaken and are 
reported in this article They demonstrate that following the abolition 
of thyroid function there ensues (1) hypoglycemia and (2) a ten- 
dency to delayed removal of glucose from the blood, that is, a delayed 
blood sugar tolerance curve Clinical studies on hypoglycemia and 
the blood sugar tolerance were also made in a series of thyroid and 
other cases This paper presents a detailed account of these observa- 
tions which emphasize the value of blood sugar estimations in the 
study and diagnosis of endocrine diseases 

I Expemnental Hypoglycemm and the Delayed Blood Sugar 
Cmve — Previous studies on the effect of thyroidectomy on carbo- 
hydrate metabolism have led to contradictory results Falkenberg,^ 
Rahel Hirsch,- also Underhill and SaikP have reported diminished 
tolerance to carbohydrates after thyroidectomy Eppinger, Falta and 
Rudmger failed to obtain similar results Subsequently these authors ^ 
and also McCurdy® reported an increased tolerance for sugar aftei 
thyroidectomy, with preservation of the parathyroids, in all or in part 
Hunter® observed increased sugar tolerance after thyroidectomy in 
sheep The chief cause of these discrepancies is the extieme difficulty 
of performing thyroidectomy in dogs without injury to the para- 
thyroids, which minute organs very probably influence carbohydrate 
metabolism differently from the thyroid glands In the work of all 
of these authors, the tolerance studies have been confined to an exam- 

* Submitted for publication March 22, 1918 

* From the Montefiore Hospital, New York City For a preliminary report 
of this research see Soc Exper Biol and Med , 1917, 14 , 99 

1 Falkenberg, W Cong f inn Med , 1891, 10 , S02 

2 Hirsch, R Ztschr f exper Path u Therap , 1908-1909, 5 , 233 

3 Underhill, F P, and Saiki, T Jour Biol Chem , 1908, 5 , 225 

4 Eppinger, H , Falta, W , and Rudmger, C Ztschr f klm Med , 1909, 
67, 380 

5 McCurdy, J Jour Exper Med , 1909, 11 , 798 

6 Hunter, A Quart Jour Exper Physiol , 1914, 8, 1 
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ination for sugai in the urine Schulze/ however, observed a fall in 
the blood sugar of patients after thyioidectomy, while in others in 
whom hyperthyroid symptoms weie present a rise in the blood sugar 
occuiied after the operation McLean® leports a decreased ability 
of the heart to utilize glucose after thyroidectomy 

1 E.xpenmental Methods — It was therefoie decided to study the 
effect of thyroidectomy in animals, avoiding the uncertainty of former 
investigations by (1) employment of careful surgical technic, (2) by 
tolerance studies made with the aid of a delicate blood sugar tolerance 
test, and (3) by using a sufficient number of animals to render the 
lesults of value 

The sugar toleiance was tested by a specially devised modification 
of a similar piocedure recently worked out by us® for human subjects 
The technic employed was as follows 

Technic — Healthy dogs were placed in metabolic cages and the normal rise 
in the blood sugar observed after the administration of a definite amount of 
glucose dissolved in water (6 5 gm glucose per kilogram of animal’s weight 
in 40 per cent solution No other fluid was given on experimental days) The 
blood sugar was determined immediately before the ingestion of the glucose 
then in hourly periods thereafter until the normal level was reattained The 
urine was also carefully collected and the twenty-four-hour specimen tested 
for glucose On five animals thyroidectomy was then performed by Prof J E 
Sweet of the University of Pennsylvania, who kindly aided us with his unusual 
operative skill In all cases the thyroid glands were carefully removed in toto 
and the parathyroids, as noted in the protocols, isolated with their blood supply 
and preserved 

Not all the parathyroid glands descnbed foi dogs were isolated m 
each case, and it is possible that a certain amount of parathyroid tissue 
was removed with the thyioids Underhill and Hildilch^® have shown 
that two parathyioids can carry out the vital function of these endo- 
ciine glands, and in oui dogs two paiathyroids at least weie isolated 
in every case and prcsert'-ed Avith their blood supply, as shown in the 
piotocols That these glands lemamed m good condition was demon- 
strated later at necropsy Recoveiy fiom the thyroidectomy operation 
took place in each instance without any indication of tetany The 
metabolism studies were not lesumed foi at least ten days after the 
operation For these reasons it is believed that in the animals studied, 
trauma or parathyroid injury may be leasonably excluded The 
wounds healed aseptically in each instance, the dogs developing no 
immediate symptoms ivliich could be asciibed to the operation Later 

7 Schulze, F Beitr z Cliir, 1912-1913, 82, 207 

8 McLean, F C Ztschr f Physiol, 1913-1914, 27, 582 

9 Janney, N W, and Isaacson, V I Pioc Soc Exper Biol and Med, 
Nov 21, 1917 Jour Ain Med Assn, 1918, 70, 1131 

10 Underhill, F P, and Hildilch, W W Am Jour Physiol, 1909-1910, 
25, 66 
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some of the animals displayed a tendency to sluggishness and obesity, 
also an increased susceptibility to infections The effect of the removal 
of the thyroid glands on the fasting blood sugar was then determined 
together with the influence of the operation on the utilization of glu- 
cose fed in the same quantities and under the same conditions as before 


TABLE 1 — Blood Sugar Tfsts on Normal Dogs * 


Dog 

Before Glucose 
Ingestion, 

Per Cent 

After Glucose Ingestion 

1 Hour, 

Per Cent 

j 

2 Hours, 

Per Cent 

3 Hours, 

Per Cent 

1 

0 0S2 

OllP 

0103 

t 

2 

0 0741 

0 095 

0120 

0 075 

3 

0 009 

0150 

0130 

0102 

4 

0102 1 

0154 

0135 

0113 

5 

0 080 

OOOG 

OOSl 


6 

0111 

0140 

0140 

0113 


♦ Three other normal dog tests arc reported in the ^ollo^^ing table 
t Blood could not bo obtained 

} Hypoglycemia of unknown cause In a healthy dog The curre, however, is perfectly 
normal 


TABLE 2 — Blood Sugar Tests Beforf and Aftfr Thvroidectomy (Dogs) 


— 

Opor 

ation 

Before 
Glucose 
Ingestion, 
Per Cent 

After Glucose Ingestion 

Dog 

1 Hr, 
Per Cent 

2Hr , 
Per Cent 

3 Hr , 
Per Cent 

4 Hr , 
Per Cent 

5 Hr , 
Per Cent 

6 Hr , 
Per Cent 

1 

After 

0 072 

0 037 

0 092 

0 093 

0 098 

0 085 


2 

After 

0 063 

0 076 

0 075 


0 073 

0 065 



After 

0 070 

0145 

0135 

0130 

0120 

0 064 

0 063 

8 

! Before 

OOSO 

0130 

0100 

0 085 





After 

0 081 

0121 

0109 

0 106 

0 097 

0 079 


4 

Before 

0 0'i7 

0138 

0111 

0106 





After 

0 083 

0105 

0103 


0 093 

0 082 


5 

Before 

0100 

0104 

0115 


0 080 




After 

0 063 

0 097 

0102 

0 083 

0 066 




2 Evpeiimental Results — A marked hypoglyccima was found in 
every case to appear after thyroidectomy, the average decrease in the 
blood sugar being about 26 per cent In one instance, Dog 3, the blood 
sugar was found not to have fallen below the pre-operative level 
This dog, however, for some unknown cause, showed a hypoglycemia 
before operation The experiment does not stand, therefore, in con- 
tradistinction to the others 
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Another interesting fact elicited is that following thyroidectomy the 
feeding of glucose produced a greater percentile rise in the blood sugar 
over the fasting level than occurred when the gland was intact The 
actual values representing the amount of sngai in the blood following 


H 



1 a 3 4 s 6 


Chart 1 — Schema showing the effect of glucose ingestion on the blood sugar 
The average curve of nine normal dogs In Charts 1 to 6 the horizontal line 
represents the hours and the vertical line indicates the blood sugar m per cent 
after thyroidectomy, broken line before thyroidectomy 

10 

09 
08 
07 

Chart 2 — Blood sugar curve of Dog 1 Solid lines indicate the curve after 
thyroidectomy 

06 

07 
06 

12 3 4 5 6 

Chart 3 — Blood sugar curve of Dog 2 after thyroidectomy 

la 
12 
n 

10 
09 

08 

Chart 4 — Blood sugar curves of Dog 3 before and after thyroidectomy 

the glucose ingestion were, however, not so large in the postoperative 
experiments, this being due to the hypoglycemia 

These results are clearly shown in the schemata which also demon- 
state that, aside from the hypoglycemia ingested sugar after reach- 
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mg the circulation is much more slowly removed than it was previous 
to thyroidectomy It is apparent that glucose fed under conditions 
identical with those before operation required four or five hours 
rather than two or three hours to vanish from the circulation 

3 Discussion of Results of the Thyi oidecfoiny E.xpenmcnts — 
These results are of importance from several standpoints First, 
they clearly demonstrate the very intimate relation of the thyroid 



Chart 5 — Blood sugar cur\es of Dog 4 before and after thj roidectomj 


17 

16 

15 

Id / 


I 

10 I 
09 
08 
Q? 

06 

1 2 3 d 5 6 

Chart 6 — Blood sugar cur\cs of Dog 5 before and after thyroidectomy 

to carbohydrate metabolism, as the thyroid evidentl}’^ functions to main- 
tain the blood sugar at its normal level Secondly, the}’- show that 
hypoglycemia follows abolition of the function of an endocrine gland 
It IS ver}’- important to determine whether other ductless glands have 
the same eflfect on carbohydrate metabolism Apparently the supra- 
renals function likewise, for hypoglycemia has been reported follow- 
ing epinephrectomy The hypoglycemia m this instance has, how 



11 Bierrjs H, and Malloizel, L Compt rend Soc Biol, 1908, 65, 232 
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ever, been ciiticized by Frank and Isaac’^^ as being an antemortem 
phenomenon, because death ensued shortly Failure of the pituitary 
function may also lead to hypoglycemia, as will be mentioned later 

It IS evident fiom a study of the protocols and curves that in addi- 
tion to hypoglycemia a prolonged sugar curve was a result of thyroid- 
ectomy m eveiy case This is of extieme interest, as it seems clearly 
to indicate that the normal action of the thyroid is to aid in the proper 
assimilation of caibohydrate 

Reasoning fiom a puon grounds one would not expect delayed 
blood glucose assimilation coincident with hypoglycemia, for it could 
be argued that the less sugar in the blood the moie leadily should 
glucose be removed from it It may of course seem rathei paiadoxical 
to speak of an increased tolerance existing m conditions in which a 
delayed blood sugar curve is piesent In such a blood condition as 
just described, urinary sugar tolerance is, however, increased The 
deciding factor is the hypoglycemia It must be remembered that the 
tendency to delayed assimilation is never so great as to lead to hypei- 
glycemia and glycosuria Thus, the highest point in the assimilation 
blood sugai curve of a cretin before treatment was 0 109 per cent 
It seems, then, justifiable to regard the hypoglycemia as a possible 
cause for the inci eased sugar tolerance of these conditions, as deter- 
mined by the presence or absence of sugar in the urine 

It IS possible that the thyroid exerts its effect on caibohydrate 
metabolism in part, at least, through an influence on the hvei 
Parhon,^® also Cramer and Krause^'* and Kuriyama^'^ in careful experi- 
ments have demonstrated that the feeding of small amounts of thyroid 
tissue causes the liver glycogen to disappear The explanation sug- 
gested by Cramer and Krause that the thyroid decreases the glyco- 
genetic function of the liver seems, however, inadequate, for if this 
were true one should expect the blood glucose markedly to increase 
rather than decrease after tliyi oidectomy The questions heie involved 
are, however, too intricate for lucid discussion at present 

It IS of great importance to determine whether the delayed blood 
glucose cuive observed after thyroidectomy is really due to the loss 
of thyroid function or whether it is due to other causes Such a cause 
might be sluggishness in alimentary absorption, as is held by Magnus- 
Levy^° liowever, neither this investigator nor, subsequently, others 
presented any definite experimental proof substantiating this view We 

12 Frank, E , and Isaac, S Ztschr f exper Path u Therap , 1909-1910, 
7, 326 

13 Parhon, M Jour physiol e d Path gen , 1913, 15, 75 

14 Cramer, W , and Krause, R A Proc Royal Soc , 1912-1913, 86, 550 

15 Kunyama, S Jour Biol Chem , 1918, 33, 193 

16 Magnus-Levy, A , von Noorden’s “Handbuch d Path des Stoffwechsels,” 
Berlin, 1907, p 335 
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have, theiefoie subjected the matter to the following test Former 
experiments by Janney^" demonstrated that laige amounts of glucose 
aie formed m the organism from the proteins of meat The sugar 
excretion following the ingestion of meat by completely diabetic dogs 
lose and fell nearly synchronously with the excretion of nitrogen 
resulting fiom the break-down of the protein constituents of meat 
Carbohydrates are knoum to be formed from proteins under normal 
conditions, also, the nitrogen of ingested meat is rapidly excreted 
Therefore, if we follow the rate of excretion of the mtiogen of meat 
fed to fasting animals we are able to get an indirect but clear insight 
into the alimentary rate of absorption of tbe carbohydrate and protein 
metabolites of the meat ingested A weighed mixed diet, including 
meat, was accordingly fed to a fasting dog before and after thyroidec- 
tomy Nitrogen deteimmations Avere made on uiinary specimens col- 
lected by catheterization at two hourly intervals 


TABLE 3 — Urinara ISiitrogen Excretion Curve 


Operation 

Day 

AVcight, 

Kg 

j Beriod 

j 

Nitrogen 

Fed, 

Qin 

A’^oluine 

Urine, 

Cc 

Total 

Nitrogen, 

Qm 

Before 

1 

10 0 

24 hr 

583 

* 

« 


2 

99 

24 hr 

683 

400 

0 So 


S 

99 

24 hr 

5 83 

428 

6 30 


4 

98 

24 hr 

1 

6 83 

892 

6 96 


3 


8 30-11 30 


()0 

0 82 




[ 11 30- 2 30 


200 

1 22 


1 


2 30- 6 SO 

1 

cs 

102 


1 


1 6 30- 8 30 

1 

1 85 

0 70 




I 8 30- 8 SO 


05 

154 

After 

1 

92 

24 hr 

5 83 

340 

5 74 


2 

91 

24 hr 

6 83 

887 

6 97 


i 

9 05 

24 hr 

6 83 

320 

5 75 


2 

1 


9 20-12 20 

12 20- 3 20 

3 20- 6 20 

G 20- 0 20 

9 20- 9 20 


22 

120 

GO 

G5 

120 

0 82 

137 

110 

0 83 

185 


Table 3 demonstiates that the urinaiy nitrogen curve in the 
athyroid condition is practically the same as before thyroidectomy 
For the reasons developed we may hence conclude that ahmental 
absorption is unimpaired in such cretin animals On the basis of these 
experiments the delay in the blood sugar utilization curve in our 
experiments is evidently not to be explained by a sluggish alimentary 
absorption 


17 Janney, N W Jour Biol Chem, 1915, 20, 321 
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II Hypoglycemia and the Blood Sugar Curve m Clinieal Con- 
ditions — In order properly to define hypoglycemia it is necessary to 
recognize the normal variations m the blood sugar level In attempting 
to do this one must bear m mind that the analytic methods for deter- 
mining the small amounts of sugar present m the blood have only 
recently been placed on an exact basis Many observations on the 
blood glucose in the past are therefore of dubious value This is par- 
ticularly true for low values which were former^ reported so fre- 
quently, the reason usually being that glycolysis with consequent loss 
of sugar readily takes place m blood withdrawn from the bod\ It is 
probable that on this account wide ^arlatlons m the blood sugar ha^e 
been reported for normal individuals even in recent blood sugar 
studies During the past few years a large number of blood glucose 
determinations have been made not only by the writer (N W J ) and 

20 

1 5 

1 0 

05 


1 3 -i 5 

Chart 7 — Unnarj' nitrogen excretion curve before and after thyroidectoin} 
Solid line indicates before thyroidectomy, broken line after thyroidectomj The 
horizontal line represents three-hour periods, and the vertical line indicates the 
nitrogen in grams 

his co-workers, but also m a number of other laboratories Although 
the values obtained are too scattered for proper presentation at present, 
3'^et without doubt the great majority m normals range from about 
0 085 per cent to 0 11 per cent We thus come to the original opmion 
of Bang,^® whose exhaustive studies on blood sugar caused him to place 
the normal value at 0 10 per cent , this value being established on the 
basis of an accurate analytical technic Occasionally lower values are 
met with in apparently normal subjects, but in our experience subse- 
quent examinations in such cases have revealed a normal level for the 
blood glucose We therefore consider hypoglycemia to be present 
when values permanently below 0 085 per cent are obtained 

1 Climeal Conditions Showing Hypoglyeemia — Hypoglycemia is 
much less frequently met with than hyperglycemia In viev of experi- 

18 Bang, I Der Blutzucker, Wiesbaden, 1913 
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TABLE 4 — Decreased Blood Sugar Tolerance in Endocrine Diseases 


Patient 

Disease 

Treatment 

Before 

Glucose 

inges 

tion, 

Mg 

After Glucose 

Ingestion 

Dri 

nar> 
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Gm 

1 Hr 
Mg 

2 Hr 
Mg 

3 Hr 
Mg 

IHr ; 
Mg 

6 Hr 
Mg 

Y K 

Cretin 

Before 


109 

65 

S5 

75 

C5 
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IW 

ICl 

iir> 
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1 
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Mjvedema 


9G 


115 

88 




A S 

Hjpothjroidism 
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ISO 
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1 




trace 

B G 

Djsthyroidism 


110 
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E T 

Exophthalmic 

Before 
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105 

92 


0 7j 
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70 

107 

72 




0 

J W 

Exophthalmic 

Before 

99 

192 

151 
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112 


013 


goiter 
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ICl 

130 



1 90 

J H 

Exophthalmic 

Before 

70 

1 

122 

117 

91 

87 


1 31 


goiter 

After 

98 

13S 

111 

91 



0 

M F 

Exophthalmic 


70 
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91 

87 

71 

0 
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1 

1 



! 
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Exophthalmic 


1 

' 110 

108 

SC 
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goiter 


1 1 

1 

1 





trace 

J D 

Exophthalmic 


1 lOS 
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i ISO 
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goiter 



1 
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Acromegaly 


' 131 

j 251 
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110 



0 

I R 

Acromeg ilj , mns 


j cs 

127 

1 05 

90 

03 


0 


cular djstropin 



i 

1 
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Chart 8 — Blood glucose curve in a cretin, Y K , before and after treat- 
ment The horizontal line represents the hours, the vertical line represents the 
blood sugar per cent , the solid curve line indicates before treatment and the 
broken line after treatment 
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mental observations of a low blood sugar level after removal of the 
tli 3 'roid gland, blood sugar determinations m myxedema and cretinism 
become of considerable interest Myxedema cases showing a distinct 
hypoglycemia have been reported by Geyelin,^'’ the sugar values being 





Chart 9 — Blood glucose curve m exophthalmic goiter The lines and figures 
of the chart have the same explanation as those of Chart 8 



cS 

OB 

o7 

4)6 

Vt, 1 2/ 3 ^ 

Chart 10 — This scheme represents the average blood glucose curve of 
seventeen normal persons and is reproduced on the same scale for comparison 
The blood sugar test was made precisely as m the other human experiments 
here reported 

0 053 per cent and 0 068 per cent Two slight cases of myxedema and 
hypothyroidism in our series showed normal blood sugar values, but 
a prolonged tolerance curve 

19 Geyehn, H R The Archives Int Med, 1915, 16, 975 
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Our cretin showed 65 and 70 mg of sugar per 100 c c of blood 
before thyroid was administered Her case is of unusual interest 
for the blood glucose curve before treatment was markedly delayed 
just as was the curve in tbyroidectomized animals After proper 
th 3 '^roid medication practically normal values were obtained for both 
the fasting level of the blood glucose and for the assimilation curve 
(see protocols) The high glucose tolerance of Knopfelmacher’s case’® 
of cretinism which, after thyroid medication, decreased to normal, 
finds an adequate explanation in our findings Similiar cases are 
known in the literature Various cases of untreated myxedema®® have 
been reported showing small amounts of glucose in the mine In 
such instances the decrease in tolerance has probably developed before 
the hypoglycemia 

We have recently obtained other new data on hypoglycemia®^ which 
was reported at the 1917 meeting of the American Medical Association 
111 a paper on the endocrine origin of muscular dystrophy This dis- 
ease, because of certain clinical and pathologic findings which cannot 
be entered into here, is most probably to be regarded as a symptom 
complex resulting from failure of proper function of one or more 
endocrine glands The blood sugar and various phases of metabolism 
were studied by us m a representative series of nine dystrophy cases 
In every individual distinct hypoglycemia was detected It is also a 
striking fact that the majority of the cases showed the same peculiar 
delay in the blood sugar assimilation curve as was observed in animals 
after thyroidectomy Indeed, practically the same metabolic picture 
was obseived as we had been able to produce experimentally by 
lemoving the thyroid gland Thyroid lesions have been reported m 
several cases of muscular dystiophy We do not hold the view, how- 
ever, on this account that muscular dystrophy is necessarily due to 
thyroid involvement, as hypoglycemia can result from dysfunction of 
■various endocrine organs Moreover, there is evidence that the pitui- 
tary and possibly the pineal gland may also be at fault m this myopathy 
Our results seem sufficient, however, definitely to rank muscular dys- 
trophy among the endocrine diseases Hypoglycemia has been observed 
by McCrudden and Sargent®® in another case of muscular dys- 
trophy Addison’s disease is known to be associated with hypo- 
glycemia, Forges®® reporting 0 033 per cent sugar in the blood of one 

20 Knopfelmacher, W Wien klin Wchnsclir, 1904, 17 , 244 

21 Janne}'^, N W , Goodhart, S P , and Isaacson, V I Tr Am Med 
Assn, June, 1917, The Archives Int Med, 1918, 21 , 188 

22 McCrudden, F H , and Sargent, C S The Archives Int Med , 1916, 

17 , 465 

23 Forges, O Pfluger’s Arch f d ges Physiol , 1912, 151 , 311 
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patient Bernstein,-^ also Japanese observers, likewise observed a 
low blood level in this disease Janney^^ has observed it in a third 
case, the values obtained being 0 082 and 0 075 in the fasting condition 
In hypopituitarism Cushing and Jacobson found hypoglycemia to be 
present In view of these clinical findings, persistent hypoglycemia 
may be fairly regarded as a symptom of hypofunction of the ductless 
glands It IS very probable that as observations with good analytical 
methods multiply there will be increasing significance attached b} clin- 
icians to the presence of a low fasting blood sugar level 

2 The Blood Sugar Cwve m Exophthahmc Goitei — It has long 
been known that occasionaly glycosuria is present in this condition 
also that there is usually a decreased power to assimilate carbohydrate 
More definite information was afforded by Geyelin, who found hyper- 
glycemia in 90 per cent of moderate and severe cases In mild cases 
the blood sugar was found to be normal A slower return to the 
normal level after sugar ingestion was noted and attention was called 
to the diagnostic value Recently Cummings and Piiiess^® reported a 
delay m the time taken for the blood sugar to return to its former le\ el 
after sugar was eaten Forsbach and Severm-’' have also reported a 
delay in the return of the blood sugar to its former level m tolerance 
tests on patients with exophthalmic goiter 

The distinctive feature exhibited by our protocols is a ^ery early 
tendency for a delay to appear in the blood sugar assimilation curve 
Thus, Case M S , which was clinically characterized by but a very 
mild degree of hyperthyroidism, slight thyroid enlargement, a pulse 
rate of 90, and mild nervous symptoms, showed a normal fasting value 
for the blood sugar and only an hour’s lengthening of the curve The 
blood sugar tolerance test is evidently of more importance than the 
fasting blood sugar level in exophthalmic goiter, for Case J H 
exhibited a marked prolongation of the curve though the fasting value 
was originally below normal We observed a tendency for greater 
prolongation of the blood sugar tolerance curve in the severer cases 
As far as present observations go, the results of the blood sugar 
tolerance test seem an early and definite sign of thyroid disease, and 
serve as an indication of the severity of the underlying metabolic dis- 
turbance It IS significant that the three exophthalmic goiter patients 
whose blood was again studied after improvement under hygienic and 

24 Bernstein, S Berl klin Wchnschr, 1911, 48 , 1794, Sakoguchi, K, 
Tatsuya, K, and Kinyosai, O Mitt a d med Fakult d k Unn z Tokjo, 
1915, 14 , 3 

25 Janney, N W Unpublished observation 

26 Cummings, R, and Piness, G The Archives Ixt Med, 1917, 19, 777 

27 Forschbach and Severm Arch f exper Path u Pharmacol , 1914, 
75 , 168 
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dietetic treatment exhibited a tendency for the blood glucose curve to 
shorten and approach the normal (see protocols) 

3 The Blood Sugat Curve tit Hypophysial Disease — The first case 
of acromegaly studied by us showed all the usual characteristics of this 
disease Enlargement of the lower facial bones and extremities was 
marked Bodily strength was faiily well retained The blood sugar 
was definitely increased m amount and the tolerance curve markedly 
delayed It is remarkable that the blood sngai m this instance, m the 
absence of nephritis, attained the value of 0 254 pei cent in the toler- 
ance test without the appearance of glycosuria The tolerance is 
usually decreased in acromegaly, glycosuria being leported in 35 per 
cent of cases by Borchardt-® in a series of 176 cases It is exceedingly 
interesting that a few cases are known in which glycosuiia has been 
succeeded by a marked inciease in toderance In these instances, just 
as in myxedema following hyperthyroidism, hypofunction of the 
hypophysis is to be suspected Such a case is that of I R (see proto- 
col) which has aheady been repoited m detail m a pievious study®’ 
Here the symptoms of muscular dystrophy were superimposed on those 
of acromegaly, giving a very inteiestmg symdrome in which the degen- 
erative features predominated In contradistinction to the fiist case, 
R S, here marked hypoglycemia is piesent The blood sugar curve 
IS delayed in both instances as the protocols show, but glycosuria was 
absent in both cases 

Diagnostic Value of Hypoglycemia — The experimental studies 
leported in this aiticle definitely demonstrate that hypogly’^cemia is a 
sign of hypofunction of the endociine glands, the thyroid being taken 
as an example of these organs The clinical occurience of low blood 
sugar values in diseases lepresentmg hypofunctional conditions of 
ductless glands (cretinism, myxedema, Addison’s disease, hypopitui- 
tarism) unmistakably indicates the general significance of this symp- 
tom Just how great the diagnostic importance of hypoglycemia will 
become must be awaited as a result of the accumulation of future 
studies It must be remembered that hypoglycemia is occasionally met 
with in apparently normal individuals (see the foregoing), but this is 
tiansitory as far as the few observations recorded permit one to judge 
The hypoglycemia in hypofunctional endocrine conditions is perma- 
nent As the metabolic processes are in general more fundamental 
indications of the actual underlying condition of a given disease than 
are the more variable and frequently confusingly complex clinical 
symptoms, the writers are inclined, in doubtful cases, to put consider- 

28 Borchardt, L Ztschr f klin Med, 1908, 66, 332 

29 Goetsch, E , Cushing, H , and Jacobson, C Bull Johns Hopkins Hosp , 
1911, 22, 165 
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able weight on the state of the blood sugar Thus it has been found 
an aid in the diagnosis of pluriglandular cases presenting a complex 
and vague symptomatology Another group in which blood sugai 
determinations are helpful are those exhibiting a mixture of hyper- 
thyioid and hypothyroid symptoms, attention to which has been called 
by Bertme In the presence of hypoglycemia the hypothyroid side of 
the case may be regarded as predominating and thyroid treatment is 
indicated Hyperglycemia is, on the other hand, a contraindication to 
thyroid treatment It must be remembered, however, that some of 
these obscure cases present a normal blood glucose, which may mean 
that they have reached midway m their transition from a hyper- to a 
h3^po- condition One must also bear in mind that thyroid medication 
used in excess may produce hyperglycemia and even glycosuria 

In difficult cases the blood sugar tolerance test as previously 
described by US'* may be carried out A prolonged blood sugar cuive 
IS an additional indication of endocrine involvement It is to be 
remembered that a delayed blood glucose curve is found m both hypo- 
thyroid and hyperthyroid conditions 

CONCLUSIONS 

Experimental proof that hypoglycemia results from hypo-endocrine 
function was obtained in the case of the thyroid gland, where hypo- 
glycemia regularly developed after thyroidectomy Explanation is 
thus afforded for the low blood sugar value observed m myxedema, 
cietimsm, Addison’s disease and pituitary disease and other less clearly 
defined endocrine conditions such as muscular dystrophy 

The inci eased tolerance to glucose as determined by testing the 
urine in such diseases of the ductless glands is probably to be best 
explained as due to the hypoglycemia present in these conditions 
Delay in the assimilation of glucose from the blood was found to 
follow thyroidectomy in animals by employment of a blood glucose 
tolerance test The same change was demonstrated in cretinism, 
exophthalmic goiter, and hypophysial disease Determination of the 
fasting blood sugar value and the blood glucose tolerance test are use- 
ful 111 the diagnosis of endocrine diseases 

Note After the completion of this article there was published the report of 
Hamman and Hirschman (The Archives Int Med, 1917, 20, 761) of similar 
studies wmch corroborate independently many of our observations This 
important contribution has unfortunately appeared too late to be quoted in 
our text 

We desire to acknowledge the assistance rendered by Miss Maude Hays 
in the dietetic and analytical work of this research 


30 Bertme, E Med Rec , New York, 1916, 90. 
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II THE INFLUENCE OF THYROIDECTOMY AND 
THYROID DISEASES ON PROTEIN 
METABOLITES - 

N W J^NNEY, MD, AND V I ISAACSON, BS 

NEW \ORK 


I INTRODUCTION 

The endocrine glands undoubtedly play an important role in con- 
trolling metabolic processes This field fascinatingly invites research 
study, both on account of its high scientific interest and its clinical 
importance For some time past we have been investigating the influ- 
ence of the thyroid gland on metabolism The problems investigated 
have comprehended the relation of the thyroid to (1) carbohydrate 
metabolism, (2) protein metabolism and (3) thyroid therapy 

In the present article the influence of the thyroid on certain aspects 
of protein metabolism are considered Although it has been known for 
a long tune that the administration of thyroid preparations stimulates 
protein catabolism, and conversely that the abolition of thyroid func- 
tion diminishes tissue breakdown, still our knowledge of the influence 
of the thyroid on specific nitrogen metabolites such as ammonia, crea- 
tinin and the purins has remained rudimentary Better information is 
here very desirable, since if one could, for example, trace the control 
of creatinm and punn metabolism to the thyroid or other ductless 
glands, the curtain obscuring an understanding of the causes of vari- 
ous myopathies and even the gouty diathesis might be raised 

A study of the influence of the thyroid, taken as a type of the 
endocrine organs, on the nitrogen metabolism is therefore of consider- 
able importance This pioblem has been attacked by us from two chief 
directions First, we endeavoied to learn more about thyroid func- 
tion by estimating the nitiogenous constituents in the urine of animals 
before thyroidectomy, and then observing the changes occurring after 
the operation , that is, the metabolism of experimental athyroidism 
Second, the metabolism of experimental hyperthyroidism was studied 
by following the chemical urinary changes after injecting an overdose 
of the isolated thyroid hormone Third, supplemental studies were 
made in cretinism and exophthalmic goiter, as types of hypothyroidism 
and hyperthyroidism 


II METABOLISM IN EXPERIMENTAL ATHYROIDISM 
1 The Expenmental Plan — This consisted in making a complete 
quantitative study, that is, partition, of the nitrogenous substances of 


* Submitted for publi^jj^ April 22, 1918 
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the urine of fasting dogs and repeating this examination after removal 
of the thyroid glands Before and after the operation, the sparing 
action of glucose on protein metabolism was simultaneously followed 
for purposes to be mentioned later The same precautions to insure 
accuracy in these metabolic experiments were taken as have been 
described in preceding researches by one of us and his co-workers ^ 
In view of the fact that the same experimental subjects have been 
used in a recent investigation- on the effect of thyroidectomy on the 
blood sugar, it seems unnecessary to repeat the details here It may, 
however, be stated that considerable care was exercised thioughout in 
removing the thyroids and that no parathyroid tetany or other dis- 
turbing factors developed The animals before and after the opera- 
tion lemained in excellent general condition, which fact gives added 
lehabihty to the lesults 

During the experimental peiiods, both before and after the opera- 
tion, the dogs leceived as diet nothing but 40 c c water per kilogram of 
body weight, except on the sugar days, when 6 5 gm glucose for every 
kilogram of the animars weight were dissolved m this amount of 
water and administered by mouth By this means the results of the 
metabolic study before and after thyioidectomy are to be regarded as 
mutually compaiable 

In making the nitrogen partitions the following substances were 
determined with methods as indicated total nitrogen, Kjeldahl, urea 
nitrogen, Van Slyke and Cullen,® ammonia nitrogen. Van Slyke and 
Cullen,® creatinm, Folin and Mon is creatin, Benedict,® purm nitro- 
gen, Camerer-Arnstein ® In order to make the analytical data clearer, 
they are expressed in terms of the nitiogen content of the substances 
determined and in terms of the percentile amounts they represent of 
the total nitrogen excreted each day 

2 Results — Adult dogs bear the effects of thyroidectomy remark- 
ably well Some of oui animals Ined comfortably for many months 
after the operation and without any obvious symptoms This is to be 
explained by the fact that endocrine activity is probably lessened in 
the adult Dr F M Allen informs us that he has had similiar experi- 
ence with thyroidectomized dogs at the Rockefeller Institute Had it 
been practical to use young puppies for such difficult experiments, it is 
possible that the metabolic changes would have been more marked 

1 Janney, N W Jour Biol Chem , 1915, 20, 321 

2 Janney, N W , and Isaacson, V I The Blood Sugar m Thyroid and 
Other Endocrine Diseases, The Architcs Int Med, this issue 

3 Van Slyke, D D, and Cullen, G E Jour Biol Chem, 1914, 19, 211 

4 Fohn, O , and Morris, J L Jour Biol Chem , 1914, 17, 469 

5 Benedict, S R Jour Biol Chem , 1914, 18, 191 

6 Method of Camerer-Arnstein, “Analyse des Hams,” Neubaucr-Huppert, 
1913, 2, 941 



TABLE 1 — Dog 1 Nitrogen Partition 

BEFORE THYROIDECTOMY 
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TABLE 2 — Dog 2 Nitrogen Partition 

BEFORE THYROIDFCTOMY 
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TABLE 3 — Dog 3 Nitrogen Partition 

BEFOPX THYROIDECTOSIY 
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TABLE 4 — Dog 4 Nitrogen Partition 

BEFORE THYROIDECTOMT 
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This must be borne in mind in interpreting the results It is also to 
be remembered that it requires a certain length of time for the myx- 
edematous condition to develop after thyroidectomy The metabolic 
disturbances reported by us, observed as they were at most a few 
weeks after the operation, are probably to be regarded as incipient 
Vv eight Three of the four dogs had lost weight at the time of the 
examination and one had gamed The primary loss of weight may be 
caused by defective tissue nuti ition due to the failure of thyroid func- 
tion Later, obesity tends to develop 

Nitrogen The nitrogen excretion showed an inconstant variation 
In two dogs It was diminished, in Dog 3 distinctly increased, while m 
Dog 4 no definite change took place A decrease in the nitrogen elim- 
ination after thyroidectomy has been recorded by others ’’ Underhill 
and Hildilch® observed no very definite change 

Urea and Ammonia Excretion The urea and ammonia varied in 
general with the total nitrogen excretion In estimating changes in 
the metabolism, the experimental days on which glucose was fed are 
omitted from this discussion, as sugar disturbs the equilibrium of the 
nitrogen metabolites in the urine The ammonia-nitrogen curve 
parallel’s, as usual, the total nitrogen, except in the case of Dog 3, in 
which animal it was unusually increased after thyroidectomy 

Purins Here the most striking changes were observed In every 
instance the thyroidectomy was followed by a distinct diminution in 
the purins, as the average values in the accompanying tables demon- 
strate These results appear to be the only ones recorded definitely 
indicating that the normal level of endogenous purin metabolism 
IS maintained by the thyroid The significance of this finding will be 
discussed later 

Creatinin This remained practically uninfluenced by thyroidec- 
tomy except in Dog 1, in which it was somewhat increased None of 
our work shows any definite influence of the thyroid on creatinin 
metabolism The creatinin excretion showed its usual tendency to 
remain almost constant from day to day 

Creatm This substance is usually present in dog urine, though 
abnormal in the urine of man It showed fluctuations from zero in 
Dog 2 after the operation to an increase after thyroidectomy in Dog 4 
Creatm excretion is subject to wide variations, due to different 
causes, which have been discussed previously by Shaffer ** Such causes 

7 Hunter, A Quart Jour Exper Physiol, 1914, 8, 21 Greenwald, I 
Biochem Ztschr, 1913, 14 , 363 

8 Underhill, F P , and Hildilch, W W Am Jour Physiol , 1909-1910, 
25, 66 

9 Shaffer, P A Am Jour Physiol , 1908, 23, 1 
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were evidently exerting their influence here We were unable to detect 
any changes in the creatin metabolism definitely referable to thyroid- 
ectomy 

III METABOLISM IN EXPERIMENTAL HYPERTHYROIDISM 

1 E.%petimental Plan — The effect of administering large amounts 
of thyroid substance on the unnary end-products of protein metab- 
olism has been obscured in previous experiments through the intro- 
duction and consequent effect on the results of the protein, punn, etc , 
in the thyroid material ingested To avoid this source of uncertainty 
we made use of a concentrated solution of the thyroid hormone isolated 
and kindly donated by Dr E C Kendall of the Mayo Clinic This was 
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analyzed by us The doses administered contained so little nitrogen 
that the results cannot be influenced as mentioned That this hormone 
preparation was active is not to be doubted, for it exerted a thera- 
peutic effect on a cretin, as will be reported later in an expenmental 
study of thyroid therapy 

The scheme adopted was to determine the normal fasting metab- 
olism of nitrogen, urea, ammonia, etc , of a dog, after which large 
doses of the sterile hormone were injected subcutaneously The 
methods employed have been alluded to in Section 2 The first hor- 
mone injection consisted of 35 cc, which amount was reduced there- 
after, 15 c c of the hormone being given daily One c c of this liquid 
contained 0 96 mg lodin, equivalent to about 3 mg hormone No 
local necrosis or infection followed the hormone injections The 
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metabolic procedure was otherwise exactly that employed in the 
thyroidectomy experiments, fasting being maintained throughout 

2 Results — This experiment afforded highly instructive results 
A relatively enormous amount of the thyroid hormone was suddenly 
thrown into the organism There ensued a latent period lasting until 
the following day This phenomenon has been observed by Kendall 
Then the temperature rose The dog’s skin became reddened Hyper- 
excitabihty to touch developed, muscle twitchings following the slight- 
est stimulus, increased reflexes and a distinct fine tremor of the paws 
were present No exophthalmos ivas observed It may be remarked 
that exophthalmos is very rarely seen m such experiments Thus, 
Lampe, Liesegang and Klose^® in their exhaustive monograph on 
exophthalmic goitei and experimental hyperthyroidism, report that 
they were able experimentally to produce protruding eyeballs only in 
certain degenerative strains of fox terriers The clinical appearance 
of our animal was, with the exception noted, that of typical hyper- 
thyroidism After the hormone injections were discontinued, the 
symptoms gradually subsided 

Metabolism Before the injections were given the excretion of the 
urinary nitrogenous substances was quite normal and regular, but 
thereafter a veritable metabolic storm broke loose The total nitrogen 
practically doubled in amount during the next few days and remained 
high even after the hormone administration had ceased The amounts 
of urea, ammonia and purins became correspondingly elevated It is 
a remarkable fact that the creatimn remained absolutely unresponsive 
to this tremendous stimulus, and maintained its unchanged level 
throughout the experiment Creatin, although absent previous to the 
injection, appeared in the urine in considerable amounts The signifi- 
cance of this phenomenon is probably as follows the hormone evi- 
dently caused a large increase of tissue and muscular breakdown of 
which creatin excretion is an evidence, providing, as in this case, it 
has been previously absent from the urine The purin excretion of 
hyperthyroidism is especially interesting in view of the fact that the 
thyroidectomy experiments demonstrated that the purm metabolism is 
at least partly controlled by the thyroid The purm elimination enor- 
mously increased during the period of hyperthyroidism , indeed, to the 
extent of 300 per cent 

Previous observations on the effect on the urinary nitrogen metab- 
olites following the administration of thyroid material are but frag- 
mentary Cramer and Krause“ observed what must of couise take 

10 Lampe, E, Liesegang, R E, and Klose, H Beitr z klin Chir, 1912, 
77 , 757 

11 Cramer, W, and Krause, R A Physiol Soc Proc, 1912, 23 , Jour 
Phjsiol, 1912, 44, 2 
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place, that when the total nitrogen is increased by feeding th}roid 
material, a corresponding rise in the urea elimination ensues Creatin 
appeared in the urine of their patient 

The Piotein Spaiing Action of Caibohydiofes in Athyi oidism and 
Hyperthyroidism — In the foregoing experiments opportunit} i\as 
afforded for testing an interesting hypothesis of special scientific inter- 
est A recent research by us- has emphasized the important influence 
exerted by the thyroid gland on carbohydrate metabolism Carboh}- 
drates when taken into the bod}’- are known to limit protein breakdo\\ n 
This process is most plausibly explained by the hypothesis that the} 
thus “spare” protein by affording materials which are built up into 
protein, perhaps tlius limiting tissue loss The thyroid is now recog- 
nized as having a decided influence on the growth and nutrition of the 
tissues If W’e then estimate the degree of protein-sparmg b} carbo- 
hydrate before and after th} roidectomy, we can detennine whether 
tins process is a function of the thyroid, consequently whether the 
thyroid possibly builds up tlie tissues by means of metabolic products 
of carbohydrates The results of these experiments are quite negative 
Glucose, as the protocols clearly showq spared usuall} as much protein 
before as after thyroidectomy This action is therefore not controlled 
by the thyroid gland so far as is indicated by these experiments This 
result has no special clinical significance It only shows that in 
cretinism and myxedema the normal relationship of carbohydrate 
to protein metabolism is maintained 

Carbohydrate w’as also administered in the h} perth} roidism experi- 
ment This w’as done in order to determme the effect of carboh}drate 
on the abnormally increased nitrogen metabolism observed in this con- 
dition The protocol of this experiment show’s no definite decrease in 
the total nitrogen and urea, and a decided increase in the purin excre- 
tion on the sugar days During the following da} s all these substances 
w’ere markedly increased In interpreting these results one must bear 
111 mind that during the injection da}s there was a tendenc} for a 
greater excretion of all the urinar}- substances examined a result of 
the increasing toxic effect of the hormone That this is true is demon- 
strated by a study of the purin elimination which was largeh 
increased e\en on the sugar da}S Former imestigation has shown 
that the effect of sugar on the protein metabolism is limited to urea 
and ammonia The purms remained unaffected by the ingested glucose 
and were consequently relatively augmented m percentage The 
ammonia in our case w’as not depressed by the sugar ingested In 
view’ of this evidence of increasing tissue breakdown, the failure of 
the total nitrogen and urea to be decreased by the sugar administration, 
is not surprising, for without it the nitrogen and urea would like!} 
have been excreted in increased amounts The experiment is then 
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rather to be accepted as indicating that glucose exerts its sparing 
effect on protein metabolism also in hyperthyroidism This experi- 
ment would thus offer an explanation for the results obtained by us 
111 other experiments, to be reported later, showing that exophthalmic 
goiter patients do best on a mixed diet containing large amounts of 
nonmtrogenous foods, as the toxic loss of protein is partially com- 
bated in this way The question of diet in thyioid diseases will be 
discussed in detail m a later communication 

IV CLINICAL METABOLISM EXPERIMENTS 

1 Clinical Mateiial — The cases included in the present study will 
be reported in detail in the third of this senes of articles and are 
therefore but briefly extracted heie 

Case 1 — Typical Cretin, Y K., woman, aged 23, possessed the usual char- 
acteristics short stature, pendulous abdomen, coarse skin, thickened nose and 
lips, defective teeth and nails, mental development, that of a child of 6 jears 
The patient, who remained in the metabolic ward for nearly a year, improved 
somewhat on thyroid treatment 

Case 2 — Exophthalmic goiter , A H , man, aged 30 , history of great loss 
of weight, increasing weakness and nerrmusness The patient showed emacia- 
tion, constant fine tremor of hands, muscle twitchings, moist skin, large 
struma, with loud systolic bruit, marked exophthalmos, Stelwagen’s and von 
Graefe’s sign present Prolonged metabolic studies demonstrated that his 
general metabolism was markedly increased, for it was necessary for him to 
consume 60 calories per kilogram to maintain weight equilibrium 

2 Experimental Plan - — Use was made of the advantages offered 
by a metabolism ward, special diet kitchen and nurses trained in metab- 
olism work The technic employed by us in metabolic examinations 
of patients has been previously described m various publications, and 
therefore scarcely requires a detailed presentation The usual care 
was given to the weighing of the food and collection of the excreta 
The patients had already undergone a careful training m the ward, 
where they had been for several months ffor other experimental pur- 
poses The results may be theiefore regarded as reliable The diet 
was punn-free for one week prior to and during the examination, 
was weighed and consisted of the following articles oatmeal, farina, 
rice, egg, corn, tomato, onions, bread, butter, crackers, milk, orange, 
prunes, pears 

Under these conditions nitrogen partitions as befoie were carried 
out on these patients with an idea of determining the influence of 
thyroid disease on the urinary nitrogen metabolites 

3 Nitrogen Partition m Cretinism — The total nitrogen of the diet, 
as the protocols show, about equals the output, so that little nitrogen 
was lost or retained The nitrogen elimination was low, but this seems 
due rather to the low protein, high carbohydrate and fat diet which 
necessarily constitutes a punn-free regime, than to any inherent ten- 
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dency of the cretin to a low nitrogen excretion The urea, ammonia 
and creatmin showed normal variations Creatin was present, which 
lb abnormal The purin nitrogen and phosphates ranged in the lower 
level of the noimal excretion of these substances The puiins aveiaged 
0 119 gm daily Normal variations are 0 08 to 0 25 gm daily 

Scholz^^ has previously studied the urine of cretins m an extensive 
research published in 1905 when, unfortunately, few of the analytic 
methods were very reliable This fact, together with the unceitam 


TABLE 6 — Y K , Crltin Urinary Nitrogen Pirtition 


Date 

Vol 

Urine, 

Oe 

N 

Intake, 

Gm 

Total 

N 

Gm 

Urea 

N 

NHa 

N 

Turin 

N 

1 

Creatinm 

n 

Creatin 

X 

Rest 

R 

PnOc, 

Gm 


% 

Gm 

% 

Gm 

% 

Gm 


Gm 

% 


% 

9/5 

6S5 

10 40 

7 01 

j 

5 84 

833 

0 33 

47 

0119 

1 69 

0 260 

1 

0 028 

0 40 

0 43 

61 

1 33 

9/6 

1,470 

10 42 

711 

5 95 

837 

0 44 

61 

0126 

1 77 

0 292 

4 1 

0 003 

0 42 

0 30 

42 

1 49 

9/7 

1,154 

10 42 

6 81 

5 47 

80 3 

0 50 

74 

0118 

1 71 

0 299 

4 4 

0 033 

0 48 

0 47 

68 

1 IS 

9/8 

870 

10 40 

6 78 

556 

81 1 

0 49 

76 

Oils 

1 73 

0 268 

39 

0 008 

012 

0 34 

50 

1 53 

10/31 

820 

8 00 

614 





! 


0 319 

52 

0 023 

0 37 




11/1 

SOO : 

1 

8 01 

7 04 







0 319 

4 5 

0 023 

0 33 


1 


11/6 

998 

811 

5 51 







0 318 

58 

0 024 

0 44 





TABLE 7 — J H Exophthalmic Goiter Urinary Nitrogen Partition 
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activity of the thyroid preparations used at the time, would adequately 
account for the considerable variations shown by his results His 
work, however, indicated that in the cretin, uric acid and phosphates 
and creatinm, the last m variance with our results, were eliminated in 
decreased amounts McCrudden^® found creatin present in the urine 
of a cretin, also in cases of infantilism and achondroplasia Green- 
wald^^ confirmed certain of these results 

12 Scholz, W Ztsdir f exper Path u Therap , 1905-1906, 2, 271 

13 McCrudden, F H Jour Exper Med , 1912, 15, 467 

14 Greenwald, I The Archives Int Med, 1914, 14, 374 
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4 NiUogen ParHhoji in Exophthalmic Goiter — In these experi- 
ments the total nitrogen in the urine was found to about equal the 
intake Protein metabolism in this case was undoubtedly increased, 
as a long series of later observations not appearing in this article, 
amply demonstrated The urea nitrogen was nonnal in percentile 
relation to the total nitrogen The ammonia tended to be high In 
three of the four partition days, creatm was present in the urine 
That creatm was consistently excreted in this case is shown by sub- 
sequent examinations as follows Oct 31, 1916, creatm 0 023 gm , 
Nov 1, 1916, creatm 0 023 gm , Nov 6, 1916, creatm 0 047 gm The 
purin nitrogen and phosphate excretion were at the upper level of 
normal In view of the striking increase of purin metabolism found 
by us m experimental hyperthyroidism, it is more likely that the purins 
will, on examination of a series of cases of uncomplicated hyper- 
thyroidism, be likewise found increased rather than decreased, as 
reported by Falta and Zehner The creatmm in our case was a little 
low ForschbaclT® has reported the same observation As creatmm 
remains unaffected in experimental hyperthyroidism (see the fore- 
going), it IS probable that its increase here is to be explained by the 
fact that sometimes the appearance of creatm is accompanied by a 
diminution of the amount of creatmm eliminated, the creatm being 
apparently formed at the expense of the creatmm Excretion of creatm 
in exophthalmic goiter has been studied by Shaffer® and has been 
observed by others 

V DISCUSSION AND CONCLUSIONS 

We may now endeavor to piece together the results of the nitrogen 
partitions m the various experiments described, and draw from them 
what general conclusions are justified with regard to the urinary 
nitrogenous substances m our studies No selective action of the 
thyroid was observed on urea and ammonia The percentages of these 
substances remained within normal limits The amounts present 
varied with the total nitrogen, m the usual manner Our experimental 
studies definitely demonstrate that the thyroid exerts an influence on 
purin metabolism, as we observed both a decrease m the urinary purins 
after thyroidectomy and a marked increase m experimental hyper- 
thyroidism , also a tendency to a low punn excretion m the cretin and 
a high excretion m a case of exophthalmic goiter The clinical obser- 
vations thus tend to confirm the experimental findings but should be 
extended before conclusions are justified 

The behavior of the purin metabolism m hypophysial disease seems 
to be analogous to that m thyroid disease In the few cases investi- 


15 Falta W Die Erkrankungen der Blutdrusen, Berlin, 1913, p 66 

16 Forschbach Arch f evper Path u Pharmakol, 1907, 63, 113 
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gated, the endogenous purin excretion is reported high in acromegah 
by Falta and No-\vacz}'nski The same investigators found a decreased 
unc acid elimination in hypopituitarism (Frohhch’s S3-ndrome) The 
obser\’ation that the th3'roid exerts an influence over purin metabolism 
analogous to the effect of the h3'poph3Sis is important, and a further 
illustration of the fact vliich is becoming more and more apparent, 
namety, that several of the endocrine organs may exert very similar 
influences on the metabolic processes 

With regard to clinical applications, it might seem, in Mew of these 
results, justifiable to seek the cause of gout m an endocrine distur- 
bance So far, how ever, as tlie th3'roid and h3-poph3 sis are concerned 
clinical observations do not support a relation of diseases of these 
organs to gout One might likewise feel inclined to administer th3Toid 
or pituitar3* tablets to gout3^ patients in the hope of stimulating the 
excretion of tlie purins According to our views, how ever, this w ould 
scarcely be advisable, at least in the case of thyroid, for it is probable 
that the excretion of purins is increased onl3’- as the result of a toxic 
effect of large doses of tigroid on the protein of the tissues (compare 
hormone experiment) 

Our studies emphasize the independence of the creatinm metabolism 
from th3'roid influence Creatinm was not increased in the urine e\ en 
when large amounts of bod3' tissue were being broken down in experi- 
mental 113 perth3TOidism This would seem to indicate tliat creatinm 
IS not a direct product of protein catabolism With regard to creatin. 
It is indeed strange that a product which is chemicalh- merel3’ h3'drated 
creatinm should appear m the urine while the creatinm undergoes but 
little change This apparent mdependence of creatin from creatinm 
metabolism is striking A number of pre^ lous obser^ ations haA e, how - 
ever, sIioato this to occur under otlier circumstances 

In the th3'roidectom3' experiments the creatin determinations are 
not ver3' valuable, as tins substance is usually present m normal dog 
urine However, the fact that it is found m cretinism and exoph- 
thalmic goiter deser^ es consideration Creatin is usualty excreted 
when masses of bod3' tissue are being broken down, such as takes 
place m severe febrile conditions Such is, however not the case in 
cretinism Its appearance m this condition is probabl3' due to a dis- 
turbance m the normal s3Tithetic metabolic processes wdiich take place 
by means of mtermediaiw' chemical reactions which are as 3et little 
understood but ma3' be disturbances m the metabolism of carboln- 
drates The creatmuna of exophthalmic goiter seems more eas^ of 
comprehension than that of cretinism, for m exophthalmic goiter there 
IS frequently a toxic breakdowm of bod3" tissue which may be held to 
account for the appearance of creatin 


17 Falta, W Ductless Glandular Diseases Philadelphia, 1916, p 263 
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The present experiments do not support the view that any marked 
diminution of nitrogen excretion follows thyroidectomy in animals 
(see the foregoing) Nor was the nitrogen output particularly low 
in the cretin There are, moreover, reasons to believe that the decrease 
in the protein breakdown, observed by others m the cretin metabolism, 
IS due rather to an inability for growth and repair of tissue to take 
place These views will be more fully developed in the next article 
of this series 

We wish to acknowledge the excellent assistance rendered by Miss Maude 
Hays in the dietetic and analytic work of this research 
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III STUDIES IN THYROID THERAPY 

THE EFFECTS OF THE THYROID FIORMONE AS DETERAIINED BY A CLINICAL 
METABOLIC AND DIETETIC INVESTIGATION NEW POINTS 
OF VIEW ON THYROID FUNCTION IN HEALTH 
AND DISEASE 

N W JANNEY, AID 
Captain, AI R C, U S A 

NEW YORK 

I INTRODUCTION AND SUMMARY 

Of all attempts at organotherapy, the most brilliant results have 
been obtained with thyroid preparations This fact lends especial 
interest to the isolation of the active substance of the thyroid, as well 
as its employment in the treatment of disease Some time ago a 
crystalline body containing upwards of 60 per cent of lodm was 
prepared from the thyroid by Kendall of the Mayo Clinic Observa- 
tions made on cretins and myxedema patients justify the view that 
this substance is to be regarded as a hormone having the functions 
ascribed to the thyroid Some time back Dr Kendall generously pre- 
sented me with a quantity of this material for independent study 
The present article describes therapeutic experiments with this 
thyroid preparation, the effect of thyroid administration on metab- 
olism, and of diet in thyroid disease In view of the importance 
of a thorough study of the thyroid hormone, it was decided to 
follow its action with the aid of (1) concomitant metabolic investiga- 
tions, (2) strict control of the dietary regime by specially analyzed and 
weighed diets, (3) prolonged periods of observation (var}ung from 
three to thirty-seven weeks), (4) parallel observations of the effect of 
other thyroid preparations, (5) series of normal control cases 

On account of the unusual amount of special food preparation, 
special nursing, and analytic Avork required, only a limited numbei of 
cases could be included All deductions made m this article are there- 
fore subject to this criticism It is, hoAvever, believed that less material 
thoroughly studied is of greater value than a larger numbei of cases 
wdiich have been merely subjected to the usual clinical methods of 
control 

In order to establish a definite gage of the actuity of the thyroid 
preparations given it was determined to folloAv the effects on the pro- 

* Submitted for publication Alarch 22, 1918 

■^From the Alontefiore Hospital, New York Cit} A preliminarj report of 
this research was read before the Academj of Aledicine Section of Internal 
Aledicme, New York, December, 1916 
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Atm metabolism over continued periods, with estimation of the nitrogen 
intake, output and balance It was found that the nitrogen balance is 
a rather delicate measure of the action of the hormone The lesults 
aie of unusual interest, foi they vety definitely indicate that a gam, 
not a loss, of mtiogen is a result of the theiapeutic action of the 
thyioid, and vice veisa, that a loss of mtiogen, that is, piotein, is 
due to a toxic action of the gland 

The thyroid hormone was found to have a definite therapeutic effect 
in cretinism, improvement m the clinical symptoms and a gain in 
nitrogen retention resulting The optimal daily dose was found to be 
0 25 mg hormone lodin, representing approximately 0 75 mg hormone, 
and corresponding to 4 grains of thyroid tablets It could thus be dem- 
onstrated that usually too great an amount of thyroid is prescribed in 
hypothyroidism The use of the thyroid hormone m minimal doses, 
that IS, 0 02 to 0 06 mg hormone lodin daily in Graves’ disease, was fol- 
lowed by increased retention of nitrogen but by no certainly established 
therapeutic effect The thyroid treatment of obesity depends on a 
toxic effect, as it is accompanied by nitrogen loss It should therefore 
be discouraged 

The effect of diet m thyroid disease was also ciitically reviewed 
and investigated In cretinism, as m normal individuals, an evenly 
balanced protein, fat and carbohydrate diet is followed by the best 
results In exophthalmic goiter, as has been previously observed, very 
greatly increased amounts of food are necessary in order to combat 
the toxic combustion A high caloric mixed diet was found to be the 
diet of choice in this condition The relation of diet to the therapeutic 
action of thyroid preparations was also investigated 

From this and other studies’^ of the thyroid problem, certain 
changes in point of view toward thyroid function m thyroid diseases 
are developed and included in the general discussion They comprise 
(1) the conception of the anabolic and therapeutic action in contra- 
distinction to the catabolic or toxic action of the gland or its prepara- 
tions, (2) a discusion of metabolism m hypothyroidism, (3) the hor- 
mone hypothesis of the pathogenesis of exophthalmic goiter 

II THE PREPARATION AND PROPERTIES OE THE THYROID HORMONE 

Foi the isolation of the thyroid hormone the profession is indebted 
to Dr E C Kendall ® The principles of its separation are hydrolysis 
of thyroids by sodium hydroxid into a-iodin proteins, insoluble in 

1 Janney, N \V , and Isaacson, V I The Effect of Thyroidectomy and 
Thyroid Diseases on the Protein Metabolites, and The Blood Sugar in Thyroid 
and Other Endocrine Diseases, in this issue 

2 Kendall, E C Fed Am Soc Exper Biol, New York, Dec 30, 1916, 
Collected Papers, Mayo Clinic, 1916, Jour Biol Chem , 1915, 20 , SOI 
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acids, and &-iodin proteins soluble in acids In the a-iodin fraction is 
contained 2 to 50 per cent of the total lodin in the gland This frac- 
tion alone seems physiologically active From it was later isolated a 
body crystallizing in microscopic sheaths containing 65 per cent lodin, 
of the high atomic weight 586, having the formula CnHioOoNIg, being 
structurally according to Kendall tentatively as follows 


H I 


H , , , 

I V/\/ 
H N 
H 


CH: CH. COOH 


O 


Here it ma}^ be said that this compound still awaits satisfactory 
identification b} publication of the detailed methods of isolation, ele- 
mental analyses, and complete proof of the correctness of the structural 
formula by synthesis or otherwise, and finally confirmation of these 
results Before this crystalline substance can be accepted as the thyroid 
hormone, however, the main question to be answered is its physiologic 
activity This point has been answered by work done at the Mayo 
Clinic, which showed not only that toxic symptoms produced by the 
thyroid gland or its extracts are also produced by this isolated sub- 
stance, but also that it causes cretins to grow and return to their normal 
condition The present article goes far toward confirming these 
results Apparently but one hormone is present in the thyroid 

A considerable difference in the action of the hormone on dog and 
man was found by Kendall to exist In the canine 1 mg per kilogram 
body weight is required for toxicity while ^5 to %5 of 1 mg per kilo- 
gram body weight per day has caused toxic symptoms in man The 
toxic period is preceded by a latent penod of one or more days and 
includes increased pulse rate, irritability to touch, fine tremor, increased 
appetite, then nausea and diarrhea 

The production of the thyroid hormone has not as yet attained 
commercial proportions The largest amount as yet obtained is 20 gm ® 


III EXPERIMENTAL TECHNIC 

The general methods employed here have been previously alluded 
to in various articles by the author and his co-workers ^ The effects 
of extraneous influences on the patients were avoided by having them 
occupy separate rooms in a metabolic ward one or two weeks previous 
to and during the exammation, and b}'’ permitting no other treatment 
in addition to thyroid therapy except prescribed periods of rest, fresh 
air and walking Special nurses trained in this work were emplo}ed 


3 Kendall, E C Verbal communication 
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and the patients remained under constant control day and night Pre- 
vious to the experimental periods, each patient was put through a 
preliminary training in keeping faithfully to the prescribed weighed 
diet, and in accurate collection of urine and feces With the help of 
properly trained nurses, we have found no difficulty in collecting an 
exact twenty-four-hour specimen of urine from even female patients 
over long periods of time The regularity of the values recorded in 
the protocols is the best proof which can be afforded of this statement 
The cases here reported were selected from among patients taken into 
the ward but not found adaptable to exact study 

The dietanes emplo 3 ed were calculated on the basis of Meeh’s 
n eight-height formula for the basal requirement, allowance being made 
for sex, age, activity and the elevation or depression of the total 
metabolism in thyroid conditions Practically every article of food 
was sampled and analyzed for nitrogen, and the articles m the diet 
selected as simply as possible to avoid all possible errors in this regard 
In spite of this, experience has shown that it is \ery difficult to attain 
absolute exactness It must be remembered, however, that it is the 
lelative differences rather than the absolute ^alues that are of impor- 
tance in these metabolic experiments It seems superfluous to enumer- 
ate the various constituents of the dietaries 

The Nifjogcn Balance — In obtaining this value, the various 
amounts of nitrogen in the separate 'foods Avere calculated, and the 
total nitrogenous intake of the day balanced against the sum of the 
nitrogen excreted in the urine and feces The tn enty- four-hour urine 
Avas regularly collected For greater accuracy, the feces Avere segre- 
gated usually at Aveekly intervals, the Aveekly amount dried, and the 
nitrogen estimated Although regularty made, slight importance Avas 
attached to the daily balances On account of the large number of daily 
balances (500 to 600) the daity protocols reproduced in this article are 
limited to a fcAv specimen periods Generali}’’ AA'^eekly periods are 
represented giving the aA’’erage A’alue of the nitrogen of the food, urine, 
feces and balance figures 

The hormone Avas preserA’ed in sterile neutral solution It Avas 
conveniently administered in the form of AAeak standard solutions, 
1 cc containing 0 01 or 0 001 mg lodin The hormone prepara- 
tion sent us by Dr Kendall contained 32 per cent lodin, so that 
the actual amount of hormone given AAas about three times that 
of the lodin Although our preparation contained other sub- 
stances than the hormone, AAdiich accounts for its loAver lodin 
content, they proA'^ed to be ph 5 ’siologicall 3 ’’ inactiA’’e, both in the experi- 
ence of Dr Kendall and ourseKes, and do not, therefore, influence 
the results We haA’e used the lodin content of the hormone as a 
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standard for dosage throughout the present paper and refer, therefore, 
to the hormone lodin or H I , rather than to the hormone itself 

We have found it convenient to administer the hormone by mouth 
In the form in ^vhich it is employed by us, it is tasteless Its therapeutic 
action IS not affected by its passage through the gastro-intestinal tract 
For this statement we have the evidence of accumulated clinical experi- 
ence, as the oral method of thyroid medication has been used with good 
results 

As previously noted by Kendall, our hormone preparation though 
remaining active over many months, eventuall)'^ suffered deterioration 
This suggests that even excellently prepared thyroid tablets, vhose 
effect depends on the hormone contained in them, should be expected 
to lose their effect in time This fact is confirmed by clinical experi- 
ence 

IV CONTROL EXPERIMENTS 

As therapeutic effects are obtained by small doses of thyroid, it 
was decided to endeavor to detect metabolic and other changes by this 
means, rather than to follow the action of markedly toxic doses as 
had already been frequently done by other investigators Endocrine 
activity IS greater in the young, therefore hvo of the selected three 
cases were children 

Case 1 — S M , girl, aged 12 j ears Diagnosis, fully compensated endo- 
carditis This patient’s requirement i\as 1,887 calories, but throughout the 
experiments diets supplying approximately 2,100 calories were giien The 
purpose of this increase i\as to exclude the effects of an oi errestricted diet on 
the nitrogen balance, it being knovn that under these circumstances nitrogen 
may be lost due to tissue combustion for fuel purposes That an adequate 
diet uas gnen is shown bj' the gain m v eight, which amounted to 3 pounds 
and 4 ounces during the two months of the experiment 


TABLE 1 — S M Control Case 


Period 

Date 

Change 

in 

Weight, 
lb oz. 

X 

Intahe 

Gm 

X in 
Urine, 
Gm 

X in 
Feces, 
Gm 

1 

X 

Balance, 

Gm 


! 

1 

Diet 


Medication 

Prot , 
Gm 

Fat, Garb , 
Gm Gm 

Cal 

1 

7/ 6-11* 


2 

32S 

233 

lie 

—0^ 

Xone 

\ 

1 20 

53 353 

2,130 











(7/6-19) 


2 

7/13-lOt 

— 

4 

328 

19S 

137 

—0 07 1 

\ 0 33gm gland 




3 

7/23-29 

-!-l 

2 

12 04 

915 

0 95 

-193 

Xone 

' 77 

87 245 

2111 










1 

{ 7/20-9/8 ) 


4 

7/30-S/5 

— 

12 

11 94 

8 57 

0 85 

-2 62 

Xone 

[ 

! 



5 

8/ 6-12 

-i. 

4 

12 04 

8 85 

0 92 

-2,28 ! 

; 0 38 gm gland 

1 



1 

6 i 

8/13-19 

-1- 

2 

1192 

933 

110 

—1 49 1 

0 33 gm gland | 




7 I 

8/20-26 

-r 

10 

1215 

919 

1 56 

I -141 j 

0 005 mg H I 




8 

8/27-9/8 

- 

12 

12 19 

8 81 

0 85 

, -2 52 , 
I 

None j 

i 





* July 12, balance omitted Diet unchanged 

t Jnlv 20-23, balance omitted to alloiv change of diet to have its efiect 
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During Periods 1 and 2, a diet very low in nitrogen was given After 
having been a week on the diet, on which the patient lost weight and showed 
a negative nitrogen balance, it was decided to determine the effect of a minute 
dose of thyroid (038 gm gland) Practically no clinical or metabolic changes 
took place 

The diet was then altered to a normally mixed diet After having observed 
a two weeks’ balance without medication, the same amount of fresh gland was 
again administered During Periods 5 and 6, a depression of the nitrogen 
balance as compared to that of the foreperiods was noted, also a tendency for 
less weight to be gained In Period 7, during which 0 005 mg hormone lodin 
was prescribed, the nitrogen balance remained low, although a tendency to 
gain eight was resumed After stopping the medication in Period 8, a higher 
plus balance and increased weight resulted It will be noted that during the 
medication Periods 2, 6 and 7, increased amounts of nitrogen were lost in the 
stools, which loss ceased when the thyroid ingestion was stopped The clinical 
condition remained unchanged throughout 


Case 2 — A S , girl, aged 12 years Diagnosis, chronic endocarditis, fully 
compensated This patient’s requirement was 1,738 calories She remained 
on a normal mixed diet supplying 2,088 calories during the entire period of 
examination 

TABLE 2 — A S Control Case 


Period 


Dite 


Change 

in 

Weight, 
lb oz 


N 

Intake, 

Gm 


N in 
Urine, 
Gm I 


1 

2 

8 

4 

5 

6 
7 

B 


4/10-17 

4/18-24 

4/25-5/1 

5/ 2- 8* 
5/16-22 
5/23-26 ] 
5/27-29 J 
5/S0-6/5 


+1 12 

- 2 

+ 12 

->-1 4 

+ 12 

+ 10 

+ 8 


10 53 
10 52 
10 54 
10 54 
10 54 

10 54 

10 54 


7 0S 
7 22 I 
7 38 I 
7 70 
815 
806 
7 54 
7 89 


N in 
Feces, 
Gm 

N 1 
Balnnce, 
Gm 

1 05 

10 

0 

1 13 

+2 17 

117 

-L199 

123 

-rlCO ' 

1 47 

HO 91 

146 

+102 i 

129 

+171 

1 20 

+143 1 


Diet 


Medication 


Prot , Fat, Garb , Cal 
Gm Gm Gm 


None 62 

0 32 gm gland 
0 32gm glandf 
OlCgm glandt 
34 mg tablet! 

17 mg tablet 
None 

8 5 mg tablet 


56 197 2,088 

( Diet throughout ) 


* May 9 15 omitted Diet unchanged Error n collection 
t Medication stopped last tivo days 
1 On last day, 34 mg tablet given 
! On May 19 changed to 17 mg tablet 


An inspection of the protocols confirms the results obtained m the pre- 
vious experiment The same amount of fresh thyroid per kilogram of body- 
weight as was given S M caused an increase in the urinary as well as the 
fecal nitrogen output and a consequent decrease m the balance In Period 3 
slight tachycardia developed, the thyroid was therefore discontinued for two days 
One half the preceding dose was then administered No clinical toxic symp- 
toms were now observable but the nitrogen balance continued to decline In 
Periods 5 and 6, Armour’s thyroid tablets containing 02 per cent 10 dm were 
given The result was a further decrease m the nitrogen balance When the 
thyroid medication was stopped for two day's (Period 7) an increase in the 
balance occurred The loss in the balance was resumed on the administration 
of 8 5 mg tablet in Period 8 Aside from the toxicity exhibited in Period 3, 
the child’s condition remained excellent throughout 

Case 3 B C, w'oman, aged 25 years Diagnosis, mild neurasthenia 
Requirement, 1,645 calories The diet supplied 1,545 calories and a sufficiency 
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of protein The patient lost weight, which may have been due to the fact 
that her actual requirement was greater than the one calculated, due to greater 
muscular activity induced by her nervousness Although there is no definite 
relationship between the loss of weight, m the case of this patient, and the 
thyroid administered, there is observable a distinct effect of the medication 
on the nitrogen balance In Periods 2 and 3 when hormone lodin in doses of 
0 01 and 0 02 mg , respectively, were given, it is seen that a very markedly 
depressant effect on the nitrogen balance ensued , the lowest balance being 
obtained when most hormone was ingested In Period 4 when treatment was 
stopped, a tendency to a return to a higher balance was exhibited The 
patient’s clinical condition remained unchanged during the entire course of 
the experiment 

Conclusions fi oin the Control Experiments — The results of this 
series indicate that the normal organism is more sensitive to minute 
doses of thyroid than had been previously supposed The earliest 
observable effect is a tendency for a positive nitrogen balance to 
dimmish, this condition being sometimes accompanied by a loss of 
weight The same effects were observed both on diets containing 
normal and decreased amounts of nitrogen, in the latter case the 
lesults being naturally less marked 


TABLE 3 — B C Control Case 


Period 

DTtC 

Chanse 

in 

Weight, 
lb oz 

N 

Intake, 

Gm 

N in 
Urine, 
Gm 

N m 
Pcces, 
Gm 

N 

Balance, 

Gm 

Medication 

Diet 

Prot , Pat, Oarb , Oal 
Gm Gm Gm 

1 

9/16-22 

-1 2 

8 53 

671 

0 41 

-H42 

0 

63 65 197 1,545 









(Diet throughout) 

2 

9/23-29 

"h 2 

863 

7 35 

0 57 

+0 61 

0 01 mg H I 


3 

9/30-10/6 

— 14 

8 66 

7 36 

104 

+016 

0 02 mg H I 


4 

10/7-13 

-1 8 

1 

8 67 

6 94 

104 

+0 69 

0 



A decreased retention of nitrogen was obtained with fresh gland, 
Armour’s tablets, and Kendall’s hormone, when given to individuals 
with normally functioning thyroids The deduction may therefore be 
drawn that the hormone is the active piinciple of the thyroid gland as 
it produces results identical with those obtained with the other prep- 
aiations Kendall’s statements with regard to the specific action of the 
thyroid hormone receives, therefore, new corroboiation 

Since a decreased nitrogen retention is observable in normal cases 
when thyroid preparations are administered, the inference may be 
diawn that in the case of normally functioning thyroids, the smallest 
amounts of hormone added from without tend to cause nitrogen loss 
Reasons for regarding this effect as a toxic indication will be given 
later in the article Identical doses of the hormone have a very diffei- 
cnt action in thyroid diseases as the following sections demonstrate 



194 


iV IV JANNEY 


ARCH 


V CRETIN EXPERIMENTS 

Case 4 — Abstiact of Case Hjstoiy — Y K, woman, aged 25 jears, Austrian 
Jewess Diagnosis, sporadic cretinism From birth, growth and intelligence 
were markedly subnormal The large head and abdomen receded somewhat in 
size on beginning menstruating at the thirteenth year , dysmenorrhea and irregu- 
lanty since, patient unable to learn at school, is both irritable and stupid 

EAamvwton — Typical cretin Height, 4 feet SVs inches, short, thick-set 
trunk, short extremities, intelligence that of child of 4 }'ears, skin coarse and 
covered with coarse hair, speech guttural, vision defective, bulging forehead, 
saddle nose, teeth poorly calcified, tongue voluminous, large cystic goiter, 
right lobe larger, systolic bruit, circumference of neck, ISV^i inches, heart 
not enlarged, functional murmurs at times, abdomen pendulous and fat, palms 
of hands and soles of feet padded, genitalia normal, pulse regular, 80 to 100 
in rate, temperature 99 to 99 5, blood pressure normal, Wassermann' test 
negative Roentgen examination showed underdevelopment of anterior skull 
and face bones, absence of frontal sinuses, thickened occipital bones, thinned 
maxilla Persistence of epiph 3 'seal lines of long bones 

Expeumental — In the experiments on this patient not only the effect of 
administering various thjroid preparations in varying doses, but also the effect 
of diet was studied The latter will be treated in a special section During 
the first nine experimental periods the patent remained on a fixed weighed diet, 
containing the food classes in, the usual relations and supplying 2,192 calories, 
or 50 calories per kilogram 

During Periods 2 and 3 the effect of the daily administration of 0 5 gm 
fresh gland was studied The patient, who had not received thyroid medication 
for a long time, became appreciably brighter mentally and ceased to complain 
of headache, with which she was constantly troubled when not treated with 
proper doses of thyroid The effect on the nitrogen balance was striking, for 
though positive in the foreperiods, it increased by nearly 100 per cent The 
weight also increased 

During Period 4, treatment was stopped The balance remained high, 
however This was probably due to the two weeks’ previous treatment In 
Periods 5 and 6 the fresh gland treatment was resumed A decreased nitrogen 
balance was observed, which was, hoi\ever, at a higher level than in Period 1 
Clinically, the patient’s condition improved steadil}", her skin became clearer 
and her intelligence brighter 

The differences in the effect of the fresh gland is probably to be ascribed 
to the greatly varying lodin content of the thyroids of different animals 
According to Seidell and Fenger^ the lodin of the dried gland ranges from 
0 04 to 0 33 per cent , undergoing seasonal and other variations Differences 
in effect \\hen identical doses were prescribed may be observed in the proto- 
cols During Periods 7, 8 and 9, 50 mg of thyroid tablets were prescribed 
This dose was calculated to contain 0 05 mg hormone lodin That the amount 
was inadequate could be demonstrated from the fact that the cretin’s head- 
ache returned, her clinical condition generally was not as good, and her 
metabolism was not as favorably influenced 

Low Protein Periods — ^The cretin next went on a low protein, high carbo- 
hydrate diet, supplying about the same number of calories as previously On 
this diet she evidently suffered from nitrogen deficiency and lost weight 
(Period 10) The administration of 0 5 gm of fresh gland (Periods 11 and 12) 
did not benefit her markedly, although a tendency for a slightly increased 
balance was observable From these periods the important deduction can be 
drawn that a correct dietary is necessaiy to obtain a beneficial effect of thyroid 
treatment, also that the effect of the thyioid ti eatment is accomplished through 
its influence in inci easing the pozver to assimilate a piopei diet The results 


4 Seidell, A , and Fenger, F Jour Biol Chem , 1912-1913, 13, 517 
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here obtained do not substantiate the generally quoted neiv that cretins require 
less nitrogen for maintenance than do normal mdniduals 

High Profcn. Periods — ^During the next six periods (13 to 18, inclusive) tlie 
patient was gi\en a high protein diet corresponding caloncalh lerj closeh* 
to the diets previoush given The initial gain in weight and mtrogen on 
this regimen (Penod 13) was probabh- due to compensator}- effects for the 
low protein of the preceding diet In the next three periods (14 15 and 16) 


TABLE 4— Y K. Cretix 


Period 

Date* 

Change 

m 

Weight, 
Ib oz. 

y 

' Intale 

1 Gm 

i 

' V * 

, 2\ m 

Unne, 
Gm , 

> 1 

X m 
Feces, 
Gm 

X ' 
Balance, ' 
Gm 

1 

• 

Medication 

; 

Det 


Prot 

! Gm 

1 

, Pat, Garb 
Gm Gm 

Cal 

1 ; 

r/13-19 

—1 

6 

! 

t 10 54 

s2:o 'r 

0«6 

-1 39 ‘ 

0 

67 

96 242 

2,lc-2 





i 






(3/13-5/27) 


o ^ 

s :s^'s 

*- 

6 

10 54 

, 

ICo 

fi tQ ' 

t 

0 5 gm glana 




S 

4/4-10 

- 

I 

, 10 54 

, 6 95 ‘ 

0*^7 

O 

0 5 gm gland 





4a6-22 

- 

6 

10 54 

' 715 

105 

o 

— o-i 

0 




1 

o 

■i^2S-29 

- 

10 

10 54 

719 

1 

1223 

—2 32 ‘ 

0 5gm gland 




6 

■s/oO-o/o 

- 

12 

10 54 

7 -5 J 

161 

-les ' 

1 

0 5gm gland 

1 



7 ' 

5/7-lS 


0 

, 10 54 

7 So f 

1 U 

-2 07 ' 

50 mg tablet 




s 

5/14-20 

- 

S 

‘ 10 54 

7 66 ' 

1 10 

-17S 

50 mg tablet 

1 



<; 

5/21-27 

- 

o 

10 54 

SJ3 

112 

-129 

Sf'mg tablet 

f 



10 

6/14-20 

' _ 

s 

431 

, 3 49 ' 

0S2 

-0 01 : 

0 

j 

CO ^”<1 

1,966 








C 



(6 4 7A1) 


11 ’ 

6 2S-1 


0 

431 

, 2Q1 

072 

-067 

0 5gm gland 

1 



12 ' 

7/5-11 

—1 


' 431 

3216 

077 

-OSS 

0 5 gm gland 




13 ‘ 

7fl7-2S 

1 -1 


, 16 03 

9 65 * 

2.21 

-4^6 1 

0 

; 101 

95 2(.9 

2.125 

( 





i 





(7/12.S/25) 


! 

7/24-30 


0 

15 95 

, 1144 

161 

1 

0 




« ; 

S 31-9/6 

1 - 

*5 

' 162 :o 

1149 

leo 

-3 0-2 \ 
j 

0 

1 



16 i 

S 7-9 

, - 


1 16 IS 

11 31 ‘ 

107 

-S.S0 i 

0 

f 



17 1 

S, 10-15 

) — 


t 16 IS 

1133 

1 45 

— 3 C5 ^ 

0 4S mg H I 

1 



IS 

S/21-25 

• 


> 15^6 

U'S 

174 

-134 ' 

0-25 mg H I 




19 i 

9/5-U 



j 10 46 

703 

104 

-2 35 * 

0 

1 

\ 

i 

As m Periods 

19 

20 ' 

9 26-10/2 

- 

14 

1 10 45 

7-34 

104 

-2 07 

0 5 gm gland 




21 

10/6-10 


14 

J 7^6 

7 57 

0 64 

-013 ' 

1 

0 

’ 50 

53 1S9 

1,469 


lO/lS-24 

- 

-f 

j SC2 

6 01 , 

069 

-1 32 

0.25 mg H I 

i 



23 

10/25-31 

— 

12 

' SCd 

6_:s 

0 76 

-ICO 

0 





* Altlioueh the balance was omitted on the following dates the diet remamea the same as m the pre- 
cedmg penod S/20-2r, 4/U 15 6/21-2S, SnS-Zl, 9 25-10 2 10/11-lS 

On the followmg dates, 5 2S-6 14, 7^1217, S/:i6-9 5, i0/3-t> the balance was omitted to allow the change 
of diet to have its eficct 

less weight and nitrogen were gained The patient who had now gone witli- 
out thtroid medication for a month had experienced a return of ner char- 
acteristic headaches Her skin color and texture as well as her mentality-, 
which had been improving under treatment, now failed to undergo further 
betterment. 

After this comprehensne prehminarv- study, the first trial with the th 3 -roid 
hormone was made. A daih* dose of 0-^ mg hormone lodin was giien by 
moutli for SIX days (Period 17) This dose was eMdentlj too large for 
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mental excitability, tachycardia and precordial oppression soon developed 
This toxic effect is reflected in the failure to gam nitrogen An interval of 
four days, in which no thyroid was given, was not sufficient for the clinical 
toxicity to subside, for a reduction of the hormone dosage in Period 18 failed 
to influence favorably either the clinical symptoms or to prevent a further 
loss of nitrogen The nitrogen balance for this period is consequently low 
During the course of these investigations we have frequently noted that the 
toxic symptoms due to an overdose of thyroid may endure for some time 
after the medication has been stopped 

In spite of the pauses made in her treatment as well as the slight evidences 
of toxicity at times caused by overdosage, the cretin’s general condition had 
considerably improved as compared to that of six months previously (Period 1) 
We therefore determined to have the patient return to her original diet in 
order to discover whether the clinical improv'ement was not reflected in her 
general metabolism This was accordingly done (Periods 19 and 20) The 
results proved the correctness of our supposition It was found that on the 
liberal mixed diet the patient gained 2 pounds in weight, though fat did not 
noticeably increase, and the nitrogen balance rose nearly to the height attained 
when most favorably influenced by the thyroid medication one-half a year 
before In Period 20, with 0 5 gm fresh gland, the nitrogen balance exhibited 
a tendency to fall rather than rise For this result we have no satisfactory 
explanation, unless it be that temporarily no additional hormone was required, 
the dose here given acting in excess as m normal individuals 

The last series of experiments (Periods 21, 22 and 23) were planned to trace 
the effect of the hormone when the patient was on a bare maintenance mixed 
diet During the preliminary period (21), the cretin lost 2 pounds and 14 
ounces and the nitrogen balance approached zero When 025 mg hormone 
lodin was administered, weight ceased to be lost and the nitrogen balance 
jumped to plus 1 32 gm daily, which is ten times that of the previous week 
The clinical symptoms again confirmed these signs of improvement When 
the hormone was stopped (Period 23) weight was again lost and the nitrogen 
balance tended to decrease These periods demonsiiate in the most convincing 
fashion the therapeutic effect of the thyroid hormone 

The effect of hormone treatment is well exemplified in the blood picture 
On Aug 17, 1916, the hemoglobin was 70 per cent, the erythrocytes 4,000,000, 
while on Nov 17, 1916, the hemoglobin was 85 per cent , and the red count 
4,800,000 The differential counts are likewise of interest, the lymphocytes 
decreasing during the same interval from 46 to 33 per cent The mononuclear 
cells (4 to 12 5 per cent ) failed to show a corresponding decrease Similar 
blood changes in myxedema and cretin cases undergoing treatment have been 
previously observed 

The weight changes in a cretin during a course of treatment are of 
interest The resumption of growth is of course accompanied by a 
general increase of body weight On the other hand, the amount of 
fatty tissue of the body usually decreases There is thus exhibited a 
certain tendency to counterbalance gam with loss of weight, which 
must be taken into account On beginning our observations, the 
patient’s naked weight was 96 pounds (March 13, 1916), she reached 
? maximum weight of 106 pounds on Oct 2, 1916, and declined to 
99 pounds 4 ounces on Jan 20, 1917, with the restricted diet used 
during this period In our case, in spite of intermittent treatment, the 
increase of weight is thus seen to be quite large, amounting to 10 
pounds, or 10 per cent of the total In view of the general improve- 
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meiit, It can be considered as real giowth, although the height was not 
affected, as was to be expected in view of the mature age of the patient 

Finally, the effect of treatment was also seen on the metabolism 
Hypothyroid conditions are characterized by a delayed blood glucose 
cuive 111 the sugar tolerance test® Y K proved no exception It is 
very striking, however, that the tolerance curve returned to normal 
after treatment (See schema m article quoted ) 

Conclusions from the Cietm Expenments — The important fact 
bi ought out by this work is the effect of thyroid medication on cretin 
metabolism The identical amounts of thyioid which caused nitrogen 
loss with or without toxicity in normal individuals led to a large gam 
111 nitrogen accompanied with improvement m the clinical condition in 
the case of the cretin This effect was so delicate that the nitrogen 
balance could be used as a gage of the correctness of the dosage 
The therapeutic action of the thyroid is therefore anabolic and con- 
structive, not catabolic and destructive This point will be developed 
later in the discussion 

With legard to the practical application as to dosage, our observa- 
tions were necessarily limited to a single patient It is clearly shown, 
however, that 0 25 mg hormone lodin daily is optional Kendall has 
used with success doses varying from 0 125 to 0 333 mg of hormone 
lodin in cretinism and myxedema, which our findings corroborate It is 
important for the profession to recognize that the optimal tablet dosage 
IS not large, as 0 25 mg hormone lodm corresponds to about 4 grains 
thyioid tablets, on the basis that 50 per cent of the lodm content is 
combined m the active substance Four grains daily of the standard 
02 per cent lodm thyroid tablets may be regarded as a preferable 
trial dose Hence the piactice of prescribing large amounts of thyroid 
tablets, such as 5 grams three times a day to cretin and myxedema 
patients, can be expected to be followed by poor results As, according 
to Kendall, the active a-iodin varies considerably in vaiious glands, 
it IS easy to understand how uncertain results may follow the use of 
tablets containing a standard amount of lodin Thus, it is clear that 
the isolated hormone, when commercially obtainable, will supersede in 
reliability all piesent preparations 

VI EXOPHTHALMIC GOITER EXPERIMENTS 

In ordei to complete our observations, the effect of the thyroid 
hormone on exophthalmic goiter was studied The same experimental 
plan was pursued as hitherto In connection with varying dietetic 
legimes, the effect of the thyroid hormone on the nitrogen balance 

S Jannej^ N W , and Isaacson, V I The Blood Sugar in Thyroid and 
Other Endocrine Diseases, in this issue 
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and clinical symptoms was observed The action of various other 
thyroid prepaiations has been .frequently studied in exophthalmic 
goiter, accoidingly m our work only the effect of the hormone was 
investigated 

Case S — M F , man, aged 27, Hebrew, hospital orderly Diagnosis, mild 
exophthalmic goiter The family was neurotic but not goitrous For the pre- 
vious few months the patient had noticed a swelling of the neck and increas- 
ing nervousness There was found the typical exophthalmic goiter psyche, 
slight exophthalmos and Stelwagen’s sign, slight tremor of hands, increased 
perspiration, and a diffuse, soft hypertrophy of the thyroid, pulse 80 to 90, 
palpitation occasionally, no weight or strength had been lost 

This case was selected for study on account of the recent onset and 
consequent possible greater sensitiveness to hormone treatment A 
greatly inci eased diet, supplying 55 calories per kilogram was given 
during the entire period of observation On this diet, combined with 


TABLE 5 — ]\I F Exophthalmic Goitlr 


Period 

Ditc 

1 

Change 

in 

Weight, 
lb oz 

Intake, 

Gm 

N in 
Urine, 
Gm 

N in 
Feces, 
Gm 

N 

Balance, 

Gm 

Medication 

Diet 

Prot , Pat, Garb , Cal 
Gm Gm Gm 

1 

8/12-18 

+ 10 

10 17 

11 37 

183 

+2 97 

" 0 

104 153 353 3,317 

2 

8/19-25 

— 4 

16 49 

10 87 

2 85 

+2 77 

0 01 mg H I 


3 

8/26-9/1 

— 4 

16 30 

11 71 

176 

+2 81 

0 01 mg H I 


i 

9/2-8 

+1 0 

10 82 

1150 

1 70 

+3 01 

0 005 mg H I 


S 

9/10-16 

+ 2 

10 52 

11 25 

1 97 

+3 30 

0 02 mg H I 


6 

9/17-23 

+ 2 

16 47 

11 57 

1 73 

+3 17 

0 


7 

9/24-30 

+ 2 

10 40 

12 27 

194 

2 25 

0 



lest and quiet, M F became rapidly less nervous and excitable before 
the hormone was administered An increased nitrogen balance was 
obtained in Periods 3, 4 and 5 with hormone administration There 
seemed in this case to he no definite relation between the amount of 
nitrogen retained and the thyroid dosage The clinical condition con- 
tinued to improve during the entire course of the metabolic study 
The pulse decreased in rate to normal, the thyroid swelling grew 
somewhat less, and the mental state improved We were, however, 
unable to trace any definite relationship between a given dosage of 
the hormone and the clinical improvement The doses of hormone in 
this case were minimal, no toxic symptoms having been observed at 
any time 

Case 6 J H, man, aged 31, Finn, a carpenter by trade Diagnosis, exoph- 
thalmic goiter Two brothers and one sister have or had goiter The sister’s 
eyes were protuberant One brother recovered after the goiter had been 
removed For the previous three years J H had been incapacitated by weak- 
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ness and nen'ousness On account of hiS poor condinon palliative 1 ganon 
of the superior th^-roiQ arteries vas performed by Dr J Prescott Grant of 
the Xew York Pohchmc Hospital to wnose courtesy I am incebted for uus 
case. Operation v as foUovreo b\ impro\ement for some ume. His vreigot in 
1915 vas 172 pOimds on admissxon Aug 31 1916 .t was IIS pounds 

Exgj” } ai or. — Extremely nervous expression patient thin and weak mus- 
culature poor twitching of facial muscles cnoreiform mo\emerts ana markea 
fine tremor of hanos nails thin and seamea atrophiC skin patcnes tremor of 
tongue teeth cefectiveh calcmed large pulsating thyrom of great aensit^ 
ngnt lobe large Drmt present* circumference of neck cm left carciac 
border 10 cm from midstemom no murmurs pmse 110 to 120 qumk ana 
easily compressible unne negame. 
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Gm 
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) 

t 

> C 

<=1 

*• -0 

s,ce? 


5 







(=/4 22) 


2 

?A5-— ^ — 6 

ll£Z 

9U9 

CO , 

t — O '♦* 

i O'lmg H I 





9 SO-e? , —2 

SS3 

s ss 

ISl \ 


i (. 


cl U 2 

IS'-o 


' 




1 

! 


(9'U-w ’c) 


i 

9 OlOiC’^ — 6 

5 S3 


1,S , 

! — iw: 

S 0 w mg H 1 
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I 
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10 2S-2t> 1 -1 10 
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1 C'‘2 mg E. r 




c 

icon 5 . - 4 

1175 

srs 

I.6S 

’ * *' 1 

[ '■"Cmg E I 
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U/C-IO* j -1 S 

USl 

S T- 

1-15 

1 — f^-S- I 

1 0"3 mg E I 
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11/16-22 * -1 4 

25—5 

C 

2U5 

1 -C.4S i 
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2 .sn. 


t 
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?. 

IJ 
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# _ 4 

15U2 

995 
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0 mg E I 




IS 

12 7 -lS 1 

1 ^^ 

5 ^ 

1.94 j 
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* Sep*era'b=r lO-lo bslance ow tted d'et tmccangvc 

- On tl:e followmg^ days ?;eS-25 y 6-?, the balance *-as om tied to ado*" the change of d-et 

to nave iis edect 

i Pive dav ba'ance pat ent b-cawe tome 

I Xovemb^r Ci to December 6 calanc^ omitti-d d.5t nnthancei 

This severe case proved a verA* enLghtening study. His state of 
increased metabolism was weU demonstrated in the first tv*o periods 
(see protocols) where he showed a tendency to lose weight on a diet 
suppl}-ing 3 069 calories or 57 calories per kilogram The first four 
periods are chiefly interesnng dieteticaily the nitrogen balance remain- 
ing practically unchanged b}* the minimal amount of hormone admin- 
istered In Periods 6 7 and 8 an mcreased dose of hormone 0 02 and 
0 03 mg H I daily) caused a decided increase in the nitrogen balance 
until the patient developed slight toxic sATuptoms. tachycardia and 
nervousness m Period 9 uith a resulting decline m the balance Tiie 
nitrogen balance w*as again mcreased in Period 12 AA-ith a dose of 
002 mg. H I daih* 
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This patient’s clinical condition became markedly improved during 
his stay in the ward, but here again it was not possible to trace any 
definite relation between the thyroid medication or its absence to this 
improvement 

The clinical improvement consisted in a gam in strength, decrease m size 
of goiter, from 40 cm on Jan 31, 1916, to 37 5 cm on Dec 15, 1916, together 
with marked change to a softer consistency The blood Sept 5, 1916, showed 
hemoglobin, 65 per cent , erythrocytes, 3,900,000, white blood cells, 13,000, 
neutrophils, 60, small lymphocytes, 34 per cent , large lymphocytes and mono- 
nuclears, 6 per cent After treatment, hemoglobin, 87 per cent , erythrocytes, 
5,200,000, white blood cells, 9,400, eosinophils, 2 per cent , neutrophils, 56 
per cent , small lymphocytes, 13 per cent , large lymphocytes and large mono- 
nuclear cells, 20 per cent , transitionals, 1 per cent 


TABLE 7 — J W Exophthalmic Goiter 


Period 

Date 

Change 

in 

Weight, 
lb oz 

N 

Intake, 

Gm 

N in 
Urine, 
Qm 

N in 
Feces, 
Gm 

N 

Balance, 

Gm 

Medication 

Diet 

Prot , Fat, Garb , Cal 
Gm Gm Gm 

1 

11/10-14 

— 12 

2142 

17 82 

163 

+1 91 

None 

135 208 204 3,400 









(1/29 4/61 

2 

11/15-19 

— 6 

21 15 

1610 

1 45 

+3 59 

None 


3 

11/20-27 

—1 

21 34 

15 79 

1 64 

-b4 0O 

0 02 mg H I 


4 

11/28-3/6 

— 8 

21 39 

15 20 

159 

-i-4 60 

0 06 mg H I 


5 

3/1-13 

— 4 

21 31 

14 89 

163 

+4 70 

0 06 mg H I 


6 

3/14-20 

+ 4 

2140 

14 80 

2 03 

+5 29 

0 01 mg H I 


7 

3/21-27* 

2 

2138 

14 48 

183 

+5 07 

Oil mg H It 


8 

3/31-4/5{ 

± 0 

2138 

14 76 

190 

+4 72 

So 22 mg H It 









JO 44 mg Hit 


9 

4/10-16 

+ 12 

13 66 

1197 

2 00 

-0 31 

None 

SO 86 227 2,070 









(4/6-30) 

10 

4/17-23 

± 0 

13 69 

11 13 

2 00 

+0 50 

None 


11 

4/24-30{ 

— 6 

13 66 

11 38 

161 

+0 67 

None 


12 

5/6-11 

-t- 4 

14 50 

10 11 

1 63 

+2 76 

None 

86 188 280 3,247 









(4/31-5/6) 

13 

5/12-18 

+ 8 

14 48 

9 64 

1 53 

+3 31 

None ^ 


14 

5/19-24 

-1- 4 

14 44 

9 89 

1 46 

+3 09 

None 



* March 28 SO, balance omitted, diet unchanged 
t Armour's tablets given, H I calculated 

t On the following days, 4/6 10, 4/31 5/5, the bala nee was omitted to allow the change of diet to have 
Its effect 

Case 7— J W, man, aged 35 years, Hebrew, painter by trade Diagnosis, 
exophthalmic goiter, mitral insufficiency, quiescent pulmonary tuberculosis 
The patient had a history of institutional treatment for tuberculosis m 1912, 
exophthalmic goiter symptoms since 1916, also swelling of ankles and dyspnea 
Examination on admittance Jan 25, 1917, disclosed exhaustion, emaciation, 
irritating cough, tremor of hands and tongue, abnormal perspiration, dermo- 
graphia, cutaneous atrophy, nervous expression of face, marked exophthalmos, 
the special ocular signs, moderate-sized goiter, tachycardia (100 to 120), slight 
cardiac enlargement to left, systolic mitral murmur, signs of old apical tubercu- 
losis of right lung, no rales, splenic enlargement, liver 3 cm below costal margin, 

m 1 "^he urine occasionally showed sugar, discovered 
in 1916 Blood pressure and blood were normal, nonprotein nitrogen 39 6 mg, 
and uric acid 2 6 mg per 100 cc blood 
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There was a distinct increase in the nitrogen balance with th 3 'roid 
medication until the patient was made toxic m Period 8 with a con- 
sequent decline in the retention The latter part of the experiment 
(Periods 9 to 14) ^^as devoted to obser^^ations on the effect of different 
diets on the patient’s condition (see special section) 

The clinical condition of this patient became much improved as a 
lesult his stay m the ward The weakness and ocular symptoms grew 
less, nen’ousness and the pulse-rate decreased and the cough subsided 
The goiter, however, remained quite unchanged 

Conclusions from the Exophthahmc Goiter Experiments — The 
impression gamed from this work is not encouraging from a thera- 
peutic standpoint, although the cases improved generally while under 
observation In one severe case (J H ) the patient grew strikingly 
better These results, however, ma}'^ just as likely have been due to 
the effects of rest, better diet and hygienic environment as to the 
minute amounts of the thyroid hormone administered The symptoms 
of toxicity exhibited on such doses do not indicate any possibiht}' that 
the hormone acts in an)^ way differently from other thyroid prepara- 
tions in these toxic cases It is, however, remarkable that m spite of 
the known tendency to nitrogen loss in exophthalmic goiter, the 
nitrogen balance became increased when 0 02 mg H I was admin- 
istered A possible explanation of this result is reserv-^ed for the gen- 
eral discussion 

\r[I DIET IX THYKOID DISEASE 

Diet m Hypothyroidism — In this condition the following facts 
ha^e been clearly established by previous investigation The basal 
metabolism is markedly decreased Equihbnum is maintained on a 
diet supplying fewer calories than normal requirement Few attempts 
at dietary studies have been made We therefore subjected our cretin 
to various dietetic regimes in an effort to determine which ration is 
most suitable for this condition 

The effect of a high caloric mixed diet was first tried (Protocol 
Period 1 ) Although this diet supplied 50 calones per kilogram, the 
patient lost weight Her clinical s 3 'mptoms during this time remained 
unchanged A high protein diet of approximatel 3 ^ the same caloric 
value (Period 13) supptying 46 calories per kilogram, caused a con- 
siderable retention of nitrogen, but the patient’s general condition vas 
not as satisfactor 3 f as on the mixed diet A negative nitrogen balance 
resulted in Period 10 on a diet suppl 3 ’-ing nearty as man 3 ' calories 
(42 cal per kg ) and containing a very low protein content, but v ith 
approximate^ the same amount of carboh 3 'drate and fat as was in the 
high protein diet Finall 3 ’- a mixed diet of much lower caloric value 
(314 cal per kg in Period 21), although not sufficient in itself to 
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prevent loss of weight, was found to prove very satisfactory for the 
cretin’s needs when taken in conjunction with a therapeutic dose of 
hormone 

According to Falta, in myxedema “the protein requirements are 
light, and there may be an addition of protein to the body” Our 
results for cretinism do not bear out this statement that nitrogen is 
more easily retained Indeed, the reverse is probably true, otherwise 
additional nitrogen would not be retained when optimal doses of 
thyroid are administered, as took place in oui experiments 

What practical deductions can he drawn from these data? It is 
evident that (1) in cietinism just as in the case of normal individuals 
a high protein or a high carbohydrate diet is less advantageous than 
a mixed diet containing rationally balanced amounts of carbohydrate, 
protein and fat, (2) diets supplying increased calories do not avail 
to improve the clinical condition, the leason being that in this disease 
only a reduced amount of food can he assimilated by the untreated 
cretin, the remainder of the food being excreted The amount of 
food ingested should be gradually increased as the thyroid treatment 
yields results Cretins should therefore be maintained on a liberal 
mixed diet, without attempts at forced feeding 

Diet m Hypo thyj oidjsHt — The majority of older observers favor 
the use of a low protein diet in this disease The few metabolic experi- 
ments made with patients do not, however, substantiate this view 
This point IS cleaily brought out by the experiments of Pribram and 
Forges,® who found the respirator)^ quotient of this disease unchanged 
by a low protein, high carbohydrate diet and very properly deduced 
that the essential condition of these patients remained, therefore, 
unimproved On the other hand, a high protein diet with restriction 
of the carbohydrates, but supplying the same number of calories, pro- 
duced an increase in the basal metabolism and a loss of weight The 
best results were obtained with a mixed diet- Du Bois'^ in a recent 
series of exact experiments found that rather less than a normal 
amount of carbohydrate is consumed m metabolism in these cases 
On the other hand, data bearing on this point were reported in the 
immediately preceding article® in which it was shown that the carbo- 
hydrate exerts its sparing effect m preventing nitrogen loss in experi- 
mental hyperthyroidism This result is important as it indicates that 
a certain, but not necessarily predominant amount of carbohydrate in 
the diet of hyperthyroid cases is useful in combating the nitrogen loss 

6 Pribram, E, and Forges, O Wien klin Wchnschr, 1908, 46, 1584 

7 Du Bois, E F The Archives Int Med , 1916, 17 , 915 

8 Janney, N W, and Isaacson, V I The Effect of Thyroidectomy and 
Thyroid Diseases on the Protein Metabolites, in this issue 
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Oui present expeiimeiits represent an extension of these investi- 
gations A study of the protocols of the exophthalmic goitei cases 
shows that the high caloric diet is essential to pi event further loss of 
weight when weight was being lost The nitiogen loss in the feces 
was large, gi eater than can be accounted foi by the increased diet 
gncn This, togethei with the excessive amounts of the fats fre- 
quently found in the dejecta, points to defective intestinal absorption 
in this condition 

The most favoiable diet was found to be one m which the protein, 
fat and carbohydrate are present m the usual pioportions, but in 
increased amounts This is well exemplified by the following dietary 
stud} 

Casf 8 — E T , mini, aged 34, Swiss, collector by trade, was referred by 
coiirtcsj of Dr John Rogers and Dr Eugene F DuBois of the Cornell Medi- 
cal School Since 1915 he had been incapacitated with weakness, loss of weight, 
d 3 spnea, and diarrhea On December M he w’as operated on by Dr Rogers 


TABLE 8 — E T Exophthalmic Goitcr 



Diet 1 

Clinnge 

in 

Weight, 
Lb Or 

N 

Balance, 

Gm 

1 

1 


Diet 

Prot , 1 
Gni 1 

1 

Pat, 

Gm 

Garb , 
Gin 

Calorics 

1 

Calorics 
' per Kg 

1 

Rcmarlis 

12/ P-12 

P3 ; 

100 

330 

2,700 

40 0 i 

— 1 

0 

+0 80 


12/13-17 

PI 1 

1 

1 

137 

S7P 

3,218 

09 0 

± 

0 

+1 01 

Diet unchanged 
12/13-1/9 

i/n-20 

101 I 

! 

211 

378 

1 

3,912 

! 

73 7 

i 

+ 

0 

+3 00 

Diet unchanged 
1/9-11/3 


bj' ligation of the superior thyroid arteries and removal of tips of both lobes 
Improvement followed He was admitted to the metabolism ward of the 
Montefiore Hospital, Dec 1, 1916 The patient exhibited some emaciation, a 
tendency to flushing and perspiration, slight tremor, exophthalmos, von Graefe’s 
sign, dermographism and a thyroid of normal sire but indurated to touch The 
left border of the heart w^as 115 cm from midsternum, there was a systolic 
mitral murmur, temperature normal, respiration 20 to 24, pulse 100, blood 
count and diflercntial normal 

The dietary studies of this moderately seveie case of exophthalmic 
goiter are abstracted in the table The patient was under observation 
m the metabolism ward undei the precise conditions described m the 
preceding pages, with careful estimation of the nitrogen balance It is 
seen that weight was lost on a diet quite sufficient to cause a gam m a 
healthy person (Period 1) A mere increase in the carbohydrate and 
fat and consequently in the number of calories was sufficient to prevent 
loss of weight and also to bring about a distinct gam m the nitrogen 
balance (Period 2) On a still higher caloric mixed diet (Period 3) 
the weight began to rise and nitrogen was letained m greatly increased 
amounts 
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These results correspond well to previous studies made by Dr 
Du Bois on the same patient in January, 1915 He found the weight 
to remain stationary but the nitrogen balance to be markedly positive 
on a mixed diet of 2,452 to 2,605 calories, which was from 59 to 62 
calories per kilogram 

Evidently the dietetic treatment of exophthalmic goiter presents no 
mysteries Neither a high protein nor a high carbohydrate diet is 
followed by as good results as is a mixed diet of adequate caloric value 
The same general rules of nutrition hold good in exophthalmic goiter 
as in the case of normal persons 

VIII GENERAL DISCUSSION 

The studies here reported belong to a series of researches aiming 
at a better understanding of th 3 T 0 id function in health and disease 
Growing out of this work and an extensive critical literary review 
made necessary by it, several changes in point of view have been 
reached, which will now be developed 

The general belief m the past with regard to thyroid function, has 
been that this gland acts normally as a stimulant to metabolism, espe- 
cially to the protein metabolism To use the words of von Noorden, 
the thyroid “stimulates metabolism like a bellows fans a fire ” This 
view has been based on the following points (1) Ingestion of thyroid 
material leads to increased metabolism and loss of nitrogen (2) Myx- 
edema and cretinism are characterized by a general decrease in metab- 
olism, especially by a low gaseous exchange and nitrogen output, which 
is ascribed to “a lack of the stimulatory effect of the thyroid on metab- 
olism ” (3) Exophthalmic goiter is similar to the effects of a large 

overdose of thyroid substance and is therefore accepted as clinical 
phenomena due to “hyperthyroidism ” A careful scrutiny of the known 
data has, however, made it very doubtful whether the thyroid problem 
can best be accounted for in so simple a manner Our points of view 
will now be developed in detail 

I Anabolic and Catahohc Actions of the Thyroid “ — There must 
be considered the influence of the thyroid on metabolism both in health 
and disease It is a well established fact that the usual effect of 
thyroid taken by noimal individuals is loss of nitrogen from the body, 
sometimes lo‘=s of weight, and an increased general metabolism There 
exists excellent evidence, however, that under certain circumstances 
the thyroid can exert practically the opposite effect 

Recent experiments by Schafer^® and HewitT^ have afforded valu- 

9 These views were originally advanced by the writer in December, 1916, 
at the Annual Meeting of the American Society of Biological Chemists 

10 Schafer, E A Quart Jour Exper Physiol, 1912, 5, 203 

II Hewitt, J A Quart Jour Exper Physiol, 1914, 8, 297 
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able data Ihese authors fed thyroid gland to white mice in varying 
amounts and studied the nitrogen metabolism and body weight The 
follov ing condensed tabulation has been compiled and calculated from 
Hewitt’s second article These experiments w^ere evidently carefully 
carried out and the fecal nitrogen w^as also controlled 

From the tabulation it is evident that the amount of thyroid gland 
administered determines its effect on metabolism The feeding of 
0 25 gm daily m the second w'cek caused a slight loss in body weight, 
w ith a decided decrease m the nitrogen retained In other experiments 
tile feeding of 0 5 and 1 0 gm under the same conditions led to still 
greater loss of w eight and nitrogen When, how'ever, 0 125 gm daily 
was administered, more food and nitrogen w^ere ingested than under 
normal diclarj conditions or w’hen a larger amount of gland was fed 


Hlwitt’s TinnoiD pEtDixc Experiments 


Week 

Diet 

rood 
per Kc , 
Gm 

Mtrocen 
Intake 
per Kc , 
Gm 

Nitrogen i 
' in j 

Urine, i 
per Cent , 

1 

Nitrogen 
liotainr d 
per Kg , 
Gm 

, Gam or 
Loss in 
Weight, 
per Cent 

1 

Norinal period 

2C1 

2CG 

! 

1 00 ! 

I 

130 7 

70 

2 

OCjgm oxj thyroid dallv 

233 

2 33 

2 00 1 

1 11 

1 7 

2 

0123 cm ONjtlijroid dnll> 

303 

3 

2 00 ' 

1 01 

, 101 

4 

0C3f,tn oxythjrold dally 

301 

3 20 

2 11 j 

1 33 

3 3 


The urinary nitrogen remained stationary It is, how^ever, very sig- 
nificant that 18 per cent more nitrogen w^as retained than in the normal 
period and that the body weight increased 10 4 per cent corresponding 
to about 50 per cent over and above the total increase noted in the 
normal period for the same length of time 

Experiments wuth similar results have been recorded by Fonio^^ 
for m)xedema patients Minimal amounts of thyroid compounds 
caused a gam in nitrogen retention w'hile greater amounts caused loss 
These experiments are subject to criticism on technical grounds 

To understand the significance of these findings one must bear m 
mind that the thyroid is scarcely second to the hypophysis in exerting 
a stimulating influence on grow'th Abolition of thyroid function m 
the very young leads to stunted growth (cretinism) Proper thyroid 
medication causes growth to be resumed Cessation of thyroid medi- 
cation IS followed by cessation of grow'th Experiments carried out 
on tadpoles illustrate the stimulating effect of the thyroid on growdh, 
as metamorphosis into frogs is greatly accelerated by thyroid feeding 

12 Fonio, A Mitt a d grenrgeb d Med u Chir , 1912, 24, 123 

13 Gudcrnatsch, J F Arch Entwickl , 1912, 35, 457 , Citronei, G Arch 
ital hiol , 1914, 61, 305 
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The part played by the nitrogen metaboh'^m m relation to growth 
IS quite well known A pronounced gam of nitrogen on a proper diet 
IS usually to be regarded as a sign of increased regeneration of tissue 
or actual growth, for which the nitrogen “gain” of childhood is a 
good example Hence tt is evident that a therapeutic action of the 
thy} Old should be found to be accompanied by a gam, not a loss, of 
mti ogen 

In the present article we have seen how small doses of thyroid 
suffice to cause clinical improvement m a cretin, which changes were 
accompanied by an increased jetention of mil ogen These experi- 
ments were so carefully carried out that we believe them acceptable 
proof that an increase in the nitrogen balance is an indication of the 
therapeutic, or anabolic, effect of the thyroid 

But how, then, account for the increased protein metabolism, that 
IS, the increased output of nitrogen following thyroid medication, 
which IS usually accredited to thyroid action^ Further im estigation 
and reflection have led us to the conviction that m such cases ue are 
dealing with a toxic rather than a therapeutic effect of the thyroid 
material and that the loss of nitrogen is very probably a toxic loss 
Our present control experiments have shown that the loss of 
nitrogen may be caused by the slightest overdose of thyroid without 
necessarily being accompanied by clinical toxic symptoms Hence it 
IS easy to understand how m the past the thyroid became regarded as 
normally stimulatory to metabolism 

The thyroid is probably capable of exerting an effect on each cell 
of the organism (Plummer) by influencing specifically certain metab- 
olites Among them are to be ranked the carbohydrates and purms, 
as previous studies® of this series have shown Experiments by Kendall 
point to the amino-acids as being directly affected by the thyroid hor- 
mone The carbon-dioxid output is also increased All these obser- 
vations emphasize that fundamental changes in the intermediary and 
basal metabolism are caused by the thyroid whether acting construc- 
tively or destructively on tissue, as Bensley’s^® experiments on opos- 
sums illustrate It is entirely possible that this function is accom- 
plished by a selective action on certain articles of the diet through 
intermediary changes which are at present obscure 

The clear recognition that nitrogen loss following thyroid medica- 
tion IS a toxic manifestation is of practical importance in the thyroid 
treatment of obesity It is well known that a rapid loss of weight is 
to be attained by the use of thyroid tablets m such cases The malaise 

14 The view that the loss of nitrogen following thyroid medication in 
myxedematous subjects is due to the dissolution of the myxedematous tissue 
remains an hypothesis without the foundation of experimental proof 

15 Bensley, R R Am Jour Anat, 1916, 19 , 37 
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and V. eakncss v/hich are sometimes exhibited are, however, doubtlessly 
clinical s}mptoms of a toxic eftect caused by the thyroid as they are 
accompanied by loss of protein tissue as v/ell as the desired loss of fat 
In view of our studies, the use of tlnroid in uncomplicated cases of 
obesit> cannot be recommended I reserve its use, in small doses, to 
the not uncommon cases of obesit} due to th\roid h}pofunction 

2 Metabolism in Hypothyroidism — Cretin metabolism is usually 
characterized in tlie literature as being “trage” or inactive ever since 
the time Magnus-Le\'}' made the remarkable discovery that the basal 
metabolism is greatly depressed in this condition Protein metabolism 
IS also regarded as much “reduced”, that is, much less nitrogen and 
nitrogenous substances in general arc excreted These effects are 
ascribed to the "absence of the stimulatory effect of the thyroid on 
metabolism ” Statements are also made in the textbooks that in cre- 
tinism nitrogen is readil} retained, that is, protein built up in the body 
Let us now critically study these conceptions There can be no 
doubt of the reduction of general metabolism m cretinism as the care- 
ful experiments by Du Eois,' using the modern calorimeter, have 
ampl} demonstrated In cretinism little food is taken, v;ith consequent 
decreased elimination of nitrogen The reason for this is probably as 
follov.s Only reduced amounts of food can be properly assimilated 
b} the organism, therefore the reduction of intake That this is true 
is e\ident v.hen a cretin is put on a greatly increased diet having 
abundant protein, as in our case The increased food fails to be used 
in tissue repair and upbuilding, vith resultant growth such as takes 
place normally under these circumstances In consequence more 
nitrogen is actually lost than m the case of a normal person on the 
same diet An increased amount of nitrogen is retained v/ith improve- 
ment of the clinical s}mptoms on the same diet v.hen thyroid is admin- 
istered m proper dosage Coincident!} the basal metabolism rises to 
normal ov. mg i. cry probabl} to the increased assimilative and anabolic 
processes v.hich may likewise necessitate an increased oxygen intake 
and carbon dioxid output It may then be concluded that the depressed 
nitrogen excretion in cretinism is not due to "absence of stimulatory 
effect,” but rather to the failure of nornwl repair and grouth processes 
mhich are controlled by the thyroid As these constructive processes 
are inhibited, little food is taken, for more cannot be assimilated A 
lovj nitrogen output results The decreased nitrogen excretion and 
lov.ered gaseous metaboli'^m are probably to be accounted for as the 
result of a compen'^ator}' and sparing effort on the part of the human 
economy, for there are various other examples of like nature knov.n, 
that IS, the mineral metabolism, in v/hich the organism shows a marked 
ability to conserve necessary materials v/hen they cannot be properly 
replaced from ivithout 
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For the statement that “cretins show a tendency to retain mtiogen 
easily," we find no experimental proof in an exhaustive study of the 
pertinent literature Our experiments clearly show quite the opposite 
Indeed, common sense would make it seem impossible that a cretin 
who suffers from inability to grow, should more easily retain nitrogen, 
that IS, presumably build protein more readily than a normal child 
The basis for this false idea is probably that such hypothyroid con- 
ditions have been in the past simply regarded as the direct antithesis 
of hyperthyroidism, in which increased breakdown of protein is well 
loiown to occur 

Magnus-Levy and others^® have accounted for the decreased metab- 
olism of hypothyroidism on the basis of a decreased ahmental absoip- 
tion due to sluggishness of the intestinal tract Here again, substan- 
tiating experimental evidence has been lacking In a previous research® 
we have therefoie investigated this possibility by means of the nitrog- 
enous excietion We found no delay in intestinal absorption to follow 
thyroidectomy in animals Parff' has made similar observations 
Additional data covering this point is afforded by our cretin experi- 
ments A study of these protocols makes it clear that the absorption 
of food, as shoAvn by the nitrogen of the feces, was quite good through- 
out, demonstrating that the intestinal functions were not disturbed 

The chief difficulty with food assimilation in cretinism evidently 
lies in the inability of the body to make adequate use of the nitrogenous 
and probably other food material affo absorption The effect of the 
thyroid medication on the urinary nitrogen (see protocols) gives a 
clear insight into this When the dose was therapeutic, definitely less 
nitrogen was excreted m the urine than without treatment on the same 
diet The fecal nitrogen, meanwhile, was not obviously affected Evi- 
dently in their passage through the blood and tissues of the body, more 
nitrogenous metabolites are retained for constructive purposes as an 
effect of thyroid treatment 

Cretins and myxedematous individuals are characterized by abnor- 
mal adiposity, the deposits sometimes occurring in unusual locations 
of the body In seeking an explanation for this metabolic change, 
attention may be called to our recent studies® on thyroidectomized 
animals in which a decreased assimilabihty for sugar was demon- 
strated One of the first evidences of a disturbance in carbohydrate 
metabolism is a tendency to adiposity Fifty per cent of diabetics are 
or have been adipose It seems, therefore, logical to presume that the 
fat deposits of the hypothyroid conditions are related in origin to the 
disturbance in carbohydrate metabolism This view is substantiated 

16 Magnus-Levy, A Von Noorden’s Handbuch d Path des Stoffwechsels, 
Berlin, 1907, p 335 

17 Pan, G A Biochem Ztschr , 1908, 13 , 274 
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by extended metabolic studies earned out by us on muscular 
dystiophy,^® in which disease abnormal fat depositions are not uncom- 
mon, and a similar disturbance in carbohydrate metabolism was found 
to occur The reduction of fat in hypothyroid cases undergoing thyroid 
treatment is not necessarily due to a direct effect of the ingested thyroid 
on the combustion of the fat, but very possibly is a result of the general 


TABLE 9 — Specimen Dail\ Protocol (S M, Control) 

Diet Protein, 77 em , Pat, S7 gm , Carbohydrate, 245 gm , Calories, 2,111 


Period 

Date 

1 ; 

1 

N 

Intake, 

Gm 

N 

in Urine, 
Gm 

N 

in Pcces, 
Gm 

N 

Balance, 

Gm 

Medieation 


' 1916 






3 

7/23 

1 1214 

8 91 






7/24 

I 12 14 

8G4 






7/25 

1 1214 

8 94' 






7/2G 

12 19 

9 04 


0 07 

+13 56 

None 


7/27 

' 12 19 

9G3 






7/2S 

12 14 

9 59 






7/29 

' 11 35 

8 7lJ 





4 

' 7/CO 

i 10 71 

7 ns 






7/31 

1 1214 

8 711 






SI 1 

12 14 

9 20 






8/ 2 : 

12 14 

9 17 


5 93 

+17 07 

None 


s/ 3 ! 

[ 12 14 

8C5 





SI 4 

12 14 

863 






8/ 3 1 

12 14 

7GlJ 





5 

6/ C 1 

12 14 

8 20 






8/ 7 ' 

12 14 

880 


i 




8/ 8 

12 14 

8 41 

1 1 1 




8/ 9 1 

11 44 

9 50 

t 

0 41 

+10 90 

OSSgm gland 


8/10 j 

12 14 

954 

1 

1 




8/11 1 

12 16 

7 93 


1 




8/12 

12 15 

9D0j 

1 




G 

8/13 

i 12 14 

8 7') 






8/14 

I 1214 

9 21 






8/15 

12 oO 

809 






8/ 10 

12 30 

9C9 


7 72 

+ 10 41 

0 38 gm gland 


8/17 

12 00 

9 29 






1 S/IS 

10 48 

9 42 






8/19 

12 OS 

10 26j 





7 

8/20 

12 18 

9 71 






8/21 

12 IG 

8 92 






8/22 

12 IG 

9C2 






8/23 

12 17 

880 


10 89 

+9 89 

5 mg H I 


8/24 

12 14 

9 25 


i 




8/25 

12 15 

890 






8/2G 

12 14 

oooj 





8 

8/27 

12 20 

8 94] 



1 



8/28 

12 19 

9 74 


1 




8/29 

12 14 

8 83 






8/30 

12 19 

7 93 


5 97 

+17 65 

None 


8/31 

12 20 

908 






9/ 1 

12 20 

8 38 





9/ 2 

12 20 

8 83j 





leadjustment of metabolic processes, which are secondary to the ana- 
bolic and constructive effects of the administered glandular prepara- 
tions 

3 Pathogenesis of Exophthalmic Goitei CiiHcisms of the Hyper- 
ihyioid Theoiy — Ever since Kocher published his classic tables con- 

18 janney, N W , Goodhart, S P , and Isaacson, V I The Archives 
Int AIed , 1918, 21 , 188 
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trasting the symptoms of hypothyroidism with h}perthyroidism, the 
conception of “h}perf unction” has been held by most observers to 
account for exophthalmic goiter A survey of the evidence, however, 
some of recent date, renders the acceptance of this view very difficult 
These criticisms will now be alluded to in detail 

On a p7 ton grounds When, as m cardiac hypertrophy, increase m 
the functional activity of an organ occurs, there is always an evident 
need for the increased activity The only apparent exception to this 
rule seems to be acromegaly, but in this condition degenerative pro- 
cesses accompany or soon follow on the ov ergrowth 

Although the h}perfunctional theorj^ v\ould seem to find a basis 
ill the hyperplasia and hypertrophy found in the great majority of the 
glands from Graves’ disease patients, the exhaustive studies by 
Wilsoffi® and Plummer-® of the rich material of the Mayo Clinic, have 
emphasized the presence of a considerable “toxic nonhyperplastic” 
group of cases, presenting a v'ariable histopatholog}% sometimes degen- 
erative in t}'pe Again, until more is knowm of the metabolism of 
thyroid secretion the doubt must remain whether the patches of hyper- 
trophy and hyperplasia found in toxic goiters does not represent a 
compensatory effort at regeneration of a functionally incapacitated 
gland It must also be remembered that certain hyperplastic adenomas 
of the thyroid are notably nontoxic 

Ev^en the typical exophthalmic goiter contains but %o to 34o of the 
total active a-iodin present in normal thyroids, according to Kendall 
and Wilson If the hyperthyroid hypothesis were correct, more, not 
less, lodin should be present in such hyperfunctioning thyroids 
Explanations of this discrepancy have been made, but none are sup- 
ported by good evidence 

Haseman and Walter found that normal thyroid tissue implanted 
into thyroidectomized rabbits was followed by normal degeneration 
and regeneration of crushed nerv’^e fibers, which processes took place 
much more slowly, if at all, when Basedow tumor tissue was thus 
engrafted I have, however, been unable to find an accurate descrip- 
tion of these striking experiments, which would indicate a lowered 
functional condition of the exophthalmic goiter and aptly illustrate the 
part played by the thyroid in the regeneration of tissue 

Exophthalmic goiter is not infrequently found m families having 
hypothyroid members The combination of toxic exophthalmic goiter 
symptoms with hypothyroidism has been frequently observed in the 
same person According to Bertine^^ of the Cornell Medical School 

19 Wilson, L B Am Jour Med Sc, 1913, 146, 781 

20 Plummer, H S Am Jour Med Sc, 1913, 146, 790 

21 Wilson, L B , and Kendall, E C Am Jour Med Sc , 1916, 151, 79 

22 Bertme, E Med Rec, New York, Nov 18, 1916 
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Clinic, they are piesent in 23 pei cent of thyroid cases This close 
association of hypothjnoid and bypertbyroid symptoms is strongly 
indicative that the same general cause is present in both conditions 
As cretinism and myxedema are unquestionably due to thyroid defi- 
cienc}’-, it IS likewise probable, in view of the reasons just mentioned, 
that the thyroid does not function adequately in exophthalmic goiter 
Ochsner-^ in an admirable surgical article on hyperthyroidism, con- 
cludes that this condition in adolescents is due to growth of the breasts 
and skeleton at this time, and is comparable to the hyperthyroidism 
of pregnancy The large number of “h 3 'perthyroidism” cases develop- 
ing among ann}^ recruits during the training period may likewise be 
mentioned Such conditions are therefore to be regarded rather 
as dysfunctional in nature, caused by an overstrain on the gland 
Cases of exophthalmic goiter without tumor are not so very uncom- 
mon, which fact IS contrary to the hyperthyroid theory In other cases 
the tumor recedes but the toxic symptoms continue Although thyroid 
medication usuall}' makes exophthalmic goiter patients worse, cases^“ 
have been persistently reported in which the patients have derived 
benefit from this treatment This is one of the strongest arguments 
against the hyperthyroid theor}-’ 

Factors which act in lowering the general resistance of the body or 
of the thyroid are active in the production of exophthalmic goiter 
Such are acute thyroiditis, acute infectious fevers and shock It seems 
unreasonable that these depressant conditions could produce increased 
functional activity of any oigan including the thyroid 

Similar metabolic disturbances are present in both hyperthyroid 
and hypothyroid conditions Thus, the blood sugar tolerance test 
shows a delayed curve m both instances “ Hypoglycemia, a symptom 
of hypothyroidism, is sometimes present in exophthalmic goiter 
Creatm is present in the urine of both hyperthyroidism and hypo- 
thyroidism 

The blood picture of exophthalmic goiter (characterized by reduc- 
tion of the neutrophils, lymphocytosis and mononucleosis-^) is prac- 
tically identical with that of myxedema and cretinism If these con- 

23 Ochsner, A J Ann Surg, 1916, 64, 385 

24 Verbal communication of Major Harlow Brooks, M R C, Camp Upton 

25 Murray, G R Twentieth Century Practice of Medicine, New York, 
1895, 4, 804, Buschau, G Basedow’sclie Krankheit, Leipzig, 1894, Strumpell, 
A Textbook of Medicine, New York, 1911, p 581 

26 Writer's observation 

27 Caro, L Berl khn Wchnschr, 1908, 45, 1755, Kocher, Th Arch f 
khn Chir , 1908, 87, 131 , Klose, H , Lampe, A E , and Lisegang, R E Beitr 
z khn Chir, 1912, 77, 601 

28 Klose, H Ergebd inn Med u Kinderh, 1913, 10, 167, Fonio, A 
Mitt a d Grenzgeb d Med u Chir, 1912, 24, 123 
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ditions are diametrically opposed, such a striking similarity in the 
metabolic and hematologic picture would scarcely be found 

The foregoing considerations seem sufficient to show the inadequacy 
of the hyperthyroid theory of exophthalmic goiter to account for the 
known facts 

THE HORMONE HYPOTHESIS OF THYROID TOXEMIA AND 
EXOPHTHALMIC GOITER 

/ 

If we then discard the hyperthyroid theory, we have but one 
remaining explanation, “dysfunction” of the thyroid as the cause of 
exophthalmic goiter The difficulty has been to formulate any view 
of the pathogenesis of exophthalmic goiter on a dysfunctional basis 
which IS not open to serious criticism The hypothesis which Avill now 
be developed has slowly matured It seems to explain most of the facts 
fairly adequately m view of present knowledge It is, however, fully 
recognized by me that it, too, lacks proof It has value merely as a 
working hypothesis until future researches either prove or disprove 
its usefulness 

The most convincing argument m favor of the hyperthyroid theory 
has been the fact that the ingestion of large amounts of thyroid prep- 
arations leads to toxic symptoms, even including exophthalmos, which 
may become identical with the disease exophthalmic goiter Several 
other well authenticated cases are known 

The facts, then, are these Many or all the toxic symptoms of 
Graves’ disease may appear in connection with (1) pathologic 
changes in the thyroid gland, that is, exophthalmic goiter, (2) as 
a result of administration of thyroid material oj thyioid liounone in 
excess to normal, myxedematous or thyroidless human beings, or 
animals A logical consideration of this situation leads to the deduc- 
tion that the thyroid hormone itself is capable, in overdose, of pro- 
ducing the toxic phenomena accompanying exophthalmic goiter, as it 
produces this effect both m the presence of nonfunctioning thyroids or 
in the entire absence of this gland from the bod)’^ The experiments 
of Kendall and myself, in which ive observed the symptoms of hyper- 
thyroidism from the injection of overdoses of thyroid hormone, afford 
still more definite evidence in this regard We have, therefore, to seek 
the toxic causative agent in the thyroid hormone 

The toxic manifestations require a latent period of from twenty- 
four to forty-eight hours for their development (Kendall, Janney), 
which time may be required for the changes to take place in the hor- 
mone itself before symptoms are produced It is likely that the hor- 
mone, when present in the body in excess, is subject to the general laws 


29 Notthafft, v , A F Zentralbl f inn Med , 1898, 19, 353 
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of catabolism, just as is any related cyclic chemical substance provided 
with a side chain Such an example is the normally occurring ammo- 
acid, tiyptophane, likewise containing the indol group, which yields 
in the intestine the putief active products indol and skatol Chemically 

TABLE 10 — SpnciMEN Daily Protocol (Y K , Cretin) 


] 

Period 

Date 

191G 

! N 

' Intake, 
j Gm 

N in 
Urine, 
Gm 
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Gm 

N 

Balance, 

Gm 
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1 
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' 8 47] 








3/14 

10 5-1 

7 90 


3 25 






3/15 

10 65 

1 8 41 








8/lC 

10 63 
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considered, it is entirely possible that the thyroid hormone which, 
according to Kendall, contains the iiidol nucleus, should he split into 
intermediary decomposition products, one or more of which may he 
toxic and produce the symptoms designated as hyperthyroidism 

The symptoms of exophthalmic goiter may be divided into two 
groups (1) toxic symptoms, (2) symptoms of thyroid deficiency 
Group 1 contains most of the frequently occurring and striking phe- 
nomena , consequently the significance of the second group has usually 
remained disregarded Gioup 1 includes psychic stimulation, tremor, 
tachycardia, lability of the sympathetic ner^'^ous system, loss of weight 
and nitrogen, increased basal metabolism and tendency to rise of tem- 
perature Group 2 includes goiter, cutaneous symptoms (atrophy, 
pigmentation, scleroma, brittleness and loss of hair, trophic nail 
changes), abnormal depositions of subcutaneous fat (rare), osseous 
changes (imperfect ossification and epiphyseal union) fatty degenera- 
tion, especially of the heart^“ and somatic musculature, mononucleosis, 
metabolic disturbances similar to or identical with those in hypo- 
thyroidism — delayed glucose assimilation, creatinuria, growth dis- 
turbances in youthful cases Certain symptoms such as weakness, loss 
of weight and creatinuria may properly be ascribed to either group 
With regard to the pathogenesis of this complex symptomatology, 
the following may be said The toxic symptoms of exophthalmic 
goiter have been traced m the foregoing to the thyroid hormone itself, 
and are probably due to the development of toxic pioducts produced 
in its metabolism All evidence tends to indicate that the thyroid 
liormone is a synthetic product It is certainly built up by the thyroid 
from inorganic lodin and other substances possibly related to the indol- 
containing amino-acid, tryptophane It is possible that one or more 
of these intermediate substances is toxic, and, indeed, identical with 
the products arising in the breakdown of the hormone in the body 
It is likewise possible that various factors might disturb the normal 
synthesis of the hormone, the result being the premature discharge 
of the toxic intermediary product into the circulation The factors 
producing this condition might be disturbances in the nervous control 
of the thyroid metabolism, such as could be produced by fright, emo- 
tion, shock or direct organic injuiy such as trauma, thyroiditis, or 
again, histologic and gross changes in the parench)ana of the gland, 
that is, the well known causes of exophthalmic goiter 

The result of the premature discharge of the hypothetical toxic 
intermediary product would be an impoverishment of the gland of the 
thyroid hormone, which would explain the fact that Graves’ disease 
goiters are poor m lodin, and especially in the active alpha-iodm pro- 


30 Wilson, L B Collected Papers of the Mayo Clinic, 1915, 7, 438 
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teins The decreased production of the normal hormone due to the 
cause mentioned would tend to be accompanied or followed by the 
signs of thyroid insufficiency Thus the deficiency symptoms (Group 2) 
can be accounted for , also the concomitant occurrence of hypothyroid 
and h)perthyroid symptoms, and the tendency of exophthalmic goiter 
patients to develop myxedema 

The fiequent failure of the pathologic pictuie to coincide with the 
clinical (see the foregoing) can best be explained by these views, which 
do not sti ictly necessitate histologic change at the beginning, but rather 
a defective endocrine secretory metabolism as to the ultimate cause of 
exophthalmic goiter 

According to our h 3 'pothesis there is present in the thyroid and 
blood of exophthalmic goiter patients a toxic substance This view is 
substantiated by the experiments of Caro,^^ confirmed by Klose by 
demonstrating the toxicity of the urine from exophthalmic goiter 
patients, also recently by Blackford and Sanford, who found a 
depressor substance m the thyroid and serums of such patients 

Lanipe, Liesgang and Klose m their voluminous monograph on 
Gla^es’ Disease ha^e developed a hypothesis somewhat similar to the 
foregoing The failure of these authors to put forth an adequate 
explanation for the symptoms of hyperthyroidism resulting from the 
ingestion of normal thyroid material has, however, prevented accept- 
ance of their views 

There remains to interpret the thyroid treatment of exophthalmic 
goiter vith the aid of the hypothesis just advanced The results 
obtained by us were (1) clinical improvement in some cases, 
unchanged condition in others, (2) increase in the nitrogen balance 
m all cases studied The uncertainty of the eftects on the clinical con- 
dition may have been due to the fact that our cases, all of which were 
selected before the development of the theoretical views here presented, 
were of the toxic type It must be borne in mind that the introduction 
of normal hormone from without may not necessarily lead to a cessa- 
tion of the chemopathologic processes causing the toxic symptoms of 
this disease This may, indeed, prove an eftectual bainer against 
obtaining results by thyroid, or, indeed, any medical treatment in such 
cases Again, the dosage employed may not have been suitable, or the 
tieatment sufficiently piotracted It seems insignificant, however, that 
the nitrogen balance improved in all cases and at times seemed to bear 
a relation to the amount of the thyroid hormone administered As 
this same effect was also observed in hypothyroidism, but never 
occurred in the normal controls, it certainly suggests that thyroid defi- 

31 Caro, L Quoted in Klose, H , Erbeb d inn Med u Kinderh , 1913, 
10 , 167 

32 Blackford,! M , and Sanford, A H Am Jour Med Sc , 1913, 146 , 790 
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ciency is an underlying condition in exophthalmic goiter Our results 
indicate, however, that in accordance with previous experience the 
thyroid treatment of these toxic cases is inadvisable 

In exophthalmic goiter showing deficiency symptoms, judicious 
thyroid treatment would, according to our views, be indicated Such 
a case has been studied with great thoroughness by Halverson, Bergeim 
and Hawk On 6 to 9 grains of thyroid extract daily, improvement 
of the clinical symptoms occurred, accompanied by a marked retention 
of nitrogen, calcium, magnesium, sulphur and phosphorus Thymus 
had the opposite effect It is possible that further study will demon- 
strate generally the value of thyroid therapy in cases of thyroid 
toxemia with deficiency phenomena provided they are properly selected 
and continuously treated 

I desire to acknowledge the excellent assistance rendered by Miss Maude 
Hays in the dietetic and analjtical work of this research 


33 Halverson, J O, Bergeim, O, and Hawk, P B The Archives Int 
Med , 1916, 18, 800 
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THE NITRITOID CRISES AFTER ARSPHENAMIN 

INJECTIONS 

LOUIS BERMAN, MD 

XEW \ORK 
HISTORICAL 

Soon after the introduction of arsphenamin, in 1910, reports began 
to appear in the literature of untoward effects, severe reactions, and 
even deaths following its use intravenously The most important 
papers on the subject, now grown quite voluminous, uill be given in 
the bibliography ^ All the different types of reactions, from simple 
transient fe\er to fatal acute hemorrhagic encephalitis or nephritis 
u ere considered No attempt was made at first to separate out of the 
complexa any distinct groups or types of symptoms As a result, 
much confusion and misunderstanding in the description, tabulation, 
interpretation and explanation of these vas produced 

Gradually, one type of clinical picture occurring during or imme- 
diately after an intravenous arsphenamin injection, began to stand 
out The chief s}mptoms were redness of the face, dyspnea, a feel- 
ing of anguish and distress, cough and precordial pain It was 
described first probabl) by Notthaft in 1911 In his case, collapse 
followed an injection of insufficiently alkalmized arsphenamin Never- 
theless he did not behe^e it due to the relative acidity of the solution, 
as he had obsen’-ed a similar reaction with a prepared properly alka- 
line solution In the same year, Levens published several cases of 
anaphylactoid symptoms after a second arsphenamin injection 
Wechselmann uas the first to theorize about the problem According 
to him, It was caused by water contaminated by dead bacteria, molds 
or dissolved protein used m dissolving the arsphenamin With freshly 
distilled water, he claimed, all untoward effects could be prevented 
Marschalko in 1911 reported an anaphylactoid reaction after a first 
injection of 028 gm arsphenamin, and regarded it due to molds in 
the uater Fischer in the same year reported a case of acute hemor- 
rhagic encephalitis after a second injection of arsphencjnin Hoffmann 
and Jaffe simultaneously described anaphylactoid symptoms follow- 

* Submitted for publication June 3, 1918 

* Salvarsan is the trade brand of the preparation of arsphenamin referred 
to in this article 

1 The references vill be found in alphabetical sequence at the end of 
the article 
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mg second arsphenamm treatments They attempted transmission 
to animals, by sensitizing them with patient’s serum, but they could 
not succeed 

In 1912 more comprehensive studies of these phenomena appeared 
Iwaschenzow reported a series of 15 cases with anaphylactoid symp- 
toms immediately after or during arsphenamm injection He rightly 
emphasized their distinction from the later symptoms of acute or 
subacute arsenical poisoning with which Wechselmann had concerned 
himself or those which Ehrlich thought were caused by arsenoxid 
and which resemble so closely the symptoms of carbon monoxid 
poisoning He concluded that the symptoms appearing immediately 
after or during the injection vere definitely not caused by protein 
or organic substances m the water used, but depended on a sensitized 
condition of tlie patient which m turn varied with the dose and the 
interval elapsing between injections Bruckler m the same year 
described nine cases Of these, two occurred at the third injection, 
one at the seventh, two at the eighth, two at the ninth, and t\\ o at the 
tenth, m all stages, ages and varieties of syphilis 

A Frenchman, Milhan, now began to publish on the subject papers 
presented to the Soctetc francaise de dermatologic et de syphilis To 
the complex of symptoms under discussion he gave the name of 
mtritoid crises, because of their simiharity to those of amyl nitrite 
poisoning Also, as the latter were amenable to epmephrin treatment, 
he applied it to the former, and obtained good prophylactic and 
therapeutic results 

In the same year, A F Swift published a paper on anaphylaxis to 
arsphenamm He analyzed a series of cases , m three cases the reac- 
tion appeared at the fourth injection, in two at the fifth, m three at 
the sixth, and m one at the seventh Skin hypersensitiveness vas 
present m some of his patients A condition of anti-anaphylaxis was 
apparent!)" produced m one of his cases ten minutes after He worked 
on the mechanism of the reaction It will be considered later 

A number of other publications, to be mentioned m the bibli- 
ography, elaborating these fundamental clinical facts, but none con- 
tributmg anything new to the symptomatology, or natural historj", of 
the reaction, have appeared 

THEORIES TO EXPLAIN THE NITRITOID CRISES 

AVith the reports of these symptoms, speculation about their mean- 
ing of course began Wechselmann’s views about the importance of 
contaminated water really applied only to the delayed symptoms after 
arsphenamm Iwaschenzow, as said, completely exploded their value 
for the control of the mtritoid crisis Attention v as no\\ paid to two 



r, ms 


NITRITOID CRISES 


219 


Other factors one, that of the sensitization of the patient to arsphen- 
amin, in the anaphylactic sense, second, the acidity and concentration 
of the solution, and its ph} sicochemical effect on the blood Hoffmann 
and Joffe attempted to sensitize guinea-pigs to the serum of their 
patients, afterwards injecting arsphenamm, hub obtained negative 
results Auer tried to sensitize guinea-pigs directly v ith arsphenamm, 
but failed Suift, however, using a mixture of serum and arsphen- 
amin, uas able to shock animals, getting the picture of acute anaphy- 
laxis Brauer, in 1912, also failed in direct sensitization of animals 
iMtli the serum of patients 

As earh as 1910 Wilhge, describing the details of a death due 
to arsphenamm, suggested that the concentration of the drug might 
be the cause of the fataht} At the same time, Hering emphasized the 
acidity as a factor He varied the amount of acidity in experiments 
on animals Frankel and Grouen reported a death due to 04 gm 
arsphenamm in 15 cc water, to which only 1 5 cc of normal sodium 
hjdroxid solution vas added In 1911, jMichaehs, speaking of the 
use of arsphenamm intravenously m acid solution, mentioned the 
therapeutic possibility that the drug \\ as precipitated m the circulation 
by the alkalinity of the blood That >ear Schottmuller claimed that 
acid arsphenamm added to serum m Mtro produced a precipitate 
I^Iiessner reported extensive studies on animals He found that the 
seierity of the reaction, both in normal animals, and m those vith 
foot-and-mouth disease, ^a^ed directl} vith the acidit}' If the 
arsphenamm w as alkaline, 400 mg per kilogram could be gn en with 
impunit}' On the other hand. 5 mg per kilogram of a 0 5 per cent 
acid solution caused d)spnea and often death Necropsy showed all 
the organs normal except the lungs, which shoived a thrombosis of 
the blood vessels and an mflammator} exudate m the parenchyma 
He also obtained a precipitate in Mtro with acid arsphenamm and 
serum, and thought the thrombosis due to precipitates m the pul- 
monary capillaries Fleig got the same results at about the same time 
but claimed the essential factor was not the hydroxyl but the phenol 
radical m the arsphenamm 

Three Americans now' made important contributions to the prob- 
lem Auer, wdio had failed to produce arsphenamm anaphylaxis m 
animals, now' demonstrated that the toxicity was iniersely propor- 
tional to the acidity and concentration This is a law' that must be 
considered in any explanation of the mtritoid crisis Then Don 
Joseph show'ed first that alkaline solutions, no matter if strong or 
w'eak, m large dose or small, gnen rapidly or slow'ly, produced no 
bad effects Acid solutions, if highl} diluted (0 6 gm in 300 cc), 
acted hkew'ise If stronger, the latter caused death A heaiy pre- 
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cipitate was found nearly always in the right ventiicle and in the 
lungs Finally, MacKee proved that the weight of the precipitate in 
vitro varied directly as the acidity and concentration 

Two other theories should be mentioned That of Milhan is that 
a vasodilatation is responsible for the symptoms This obviously 
begs the questions at issue Schamberg has lately put forward 
the theory that the symptoms are due to the by products formed in 
the manufacture of arsphenamin, which he calls the substance x This, 
like the theory of Swift, does not relate itself to the fundamental laws 
of the effect of acidity and concentration, or of precipitate formation, 
and so leaves unexplained most of the phenomena Nor does it 
explain why, out of a group of persons treated with the same batch 
of arsphenamin, only one or two will react 

THE PROBLEM STILL TO BE SOLVED 

A pioblem still remained Although, as a result of the work on 
the importance of acidity and concentration, the use of thoroughly 
alkalinized arsphenamin became general, and there was a great 
reduction in the number of reactions, a_few patients still continued to 
react to tlie most carefully alkalinized solutions injected with a 
technic lege ai hs In them, it occurred generally after one injection had 
previously been given, and, having once happened, could be predicted 
to recur The problem of the mechanism of these reactions the writer 
set himself to solve 

In a series of 300 consecutive arsphenamin injections eleven indi- 
viduals were found who suffered from nitntoid crises when treated 
with properly prepared, alkalinized arsphenamin Four of these had 
them on three successive occasions, and one on four 'In the last 
case, the reaction was predicted Saline solution, prepared as the 
arsphenamin solution was prepared failed to elicit the symptoms 
Arsphenamin almost immediately (after the entry of 30 cc), pro- 
duced the symptoms of the nitntoid crisis Serum was obtained from 
these and from the nonreacting patients When properly alkalinized 
arsphenamin was brought into contact with these serums, those from 
the nonreacting produced no, or a little, opalescent precipitate Those 
from the eleven reacting, however, caused a heavy whitish yellow 
precipitate Thus, by testing previously the serum and the solution 
one could say whether or not a reaction would follow the injection 
In those in whom a precipitate was produced, a prophylactic dose of 
epinephrin seemed to prevent the onset of the nitntoid crisis After 
its appearance, also, the same drug hypodermically shortened the 
duration of the alarming symptoms 



19 IS 


KITRITOID CRISES 


221 


HaMng^ determined that the nitritoid crisis occurrmg with suf- 
ficiently alkaline arsphenamin in certain persons was due to intra- 
^ascular precipitation (^^hereas pre\iously it had been accepted that 
only acid saharsan could do this), the next question that arose \\as, 
^^'hy should the precipitate be formed only in the blood of these 
patients and not in that of the majont}' who received the same amount 
of drug in the same physical state ’ Fleig had sho\\ n that most of the 
precipitate produced vhen acid arsphenamin was added to serum 
consisted of protein No determinations of the content of the blood 
in protein in these cases had e\ er been made Blood from two patients 
analyzed by the nephelometric method of Kober and Graves shoved 
that there vas an increased protein content essentially an increased 
globulin content The hypothesis may therefore be put forward ten- 
tativel} of course, in new of the small number of studied cases that 
this mai be the solution of the problem that is that the increased 
protein content of the blood in certain srphihtics may fa\or precipi- 
tation in Mro eren of properly alkalinized arsphenamin To confirm 
this, of course, the blood protein of a number of s}phihtics should 
be studied 

SUMMAR\ 

All the data on the mtntoid crises ma\ be explained as follows 
Either because of the acidity of the injected arsphenamin or because 
of the increased protein especiall} globulin content of the blood of 
certain s}phihtics, intravascular precipitate formation occurs This 
precipitate is responsible for the local \asodilatations, which constitute 
the essence of the crises Such symptoms may be expected to follow 
other modes of causing intravascular precipitations The writer has 
seen the s 3 miptoms of the mtntoid cnsis appear after a gelatin injec- 
tion gi-\en lntra^ enously The theories of neither Swift nor Scham- 
berg throw light on the fundamental laws of the toxicity of arsphen- 
amin established and confirmed by so man} researches The one fact 
alone that all the S}mptoms of the mtntoid crisis may be produced 
in a normal individual by a single injection of arsphenamin in an acid 
solution IS enough to dispose of the sensitization theor}* of Swift 
And as Iwaschenzow pointed out }ears ago the fact that the same 
lot of arsphenamin gi\en to a whole senes of patients will produce 
the reaction in perhaps one or two puts out of court any special toxic 
substance theor}% like that recently revived by Schamberg The other 
theories, without either factual or experimental support are too 
numerous to mention 

To sum up In a senes of 300 arsphenamin injections eleven 
patients reacted with the symptoms of the mtntoid crisis The serum 
of these patients contained substances which precipitated with the 
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arspheiiamm in vitro, and probably also in vivo, causing the symptoms 
by a consequent vasodilatation, controllable by epinephrin subcutane- 
ously The serum of two of these patients contained an increased 
amount of protein, especially globulin 

I wish to express my indebtedness to Dr H Goldenberg, attending derma- 
tologist at the Mt Smai Hospital, New York, for permission to study these cases 
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A CLINICAL REPORT OF NONSPECIFIC PROTEIN 
THERAPY IN THE TREATMENT OF 
ARTHRITIS 

R G SNYDER, MD 

Assistant Professor of Clinical Medicine, College of Physicians and Surgeons, 
and Attending Phjsician at City Hospital 

NEW •iORK 

Twenty-five 3 'ears ago Rumpf expressed the opinion that the bene- 
ficial effects observed following the subcutaneous injections of a 
vaccine were the results of a nonspecific immunologic reaction It has 
been only during the past five years that his contention has received 
serious attention from the medical profession 

In 1893, FraenkeP demonstrated that he could favorably influence 
the clinical course of his typhoid fever patients by treating them with 
subcutaneous injections of killed typhoid bacilli His associate, 
Rumpf," went a step further and employed killed pyocyaneous bacilli 
instead of the typhoid bacilli Since he obtained equally good results, 
he felt that he was justified in claiming that the beneficial reaction was 
of nonspecific character Ho\\e\er, Ehrlich’s theory of the specificity 
of all immunologic reactions had such firm footing among the members 
of the medical profession that they refused to consider seriously the 
idea of a nonspecific therapy In 1913, Victor VaughaiP revived 
interest in this question by publishing his book on the relation of 
protein split products to immunity and disease 

During the past three years a number of workers have contributed 
to our knowledge on this subject As a result of the work of Kraus,^ 
Ichikawa,® Ludke,® Saxl,' Novy,® Jobling,® Peterson,^® Coley, Miller 

* Submitted for publication Ma 3 28, 1918 
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8 Novy and de Kruif Jour Am Med Assn , 1916, 66, 2031 
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and Lusk,^- and Culver,^^ it has become apparent that in the future 
this form of treatment will deserve a definite place in our list of 
therapeutic procedures 

Because at present this treatment is still in the experimental stage, 
and the clinical reports of large series of cases treated by the intra- 
^enous administration of a foreign protein are relatively few, the 
folloAMng report is submitted with a view to confirming its undoubted 
^alue m a large percentage of the cases No satisfactory explanation 
for the beneficial results obtained by the use of this type of therapy 
has as yet been advanced, although numerous investigators are work- 
ing on the subject at present 

We are indebted to Miller and Lusk for the suggestion of treating 
arthritis by intravenous injections of foreign proteins They have 
reported that in their treatment of 175 cases of acute, subacute, and 
chronic arthritis (uncomplicated by adhesions) tliey obtained favor- 
able results CeciB"* confirmed this opinion on a series of forty cases 
of acute arthritis In this work, inasmuch as w^e have not attempted 
to restrict the type of cases to be treated, but have included prac- 
tically all cases complaining of joint symptoms which have come to 
the City Hospital during the past six months, as w^ell as the chronic 
cases, with or without adhesions, wdnch were in the w^ards previous 
to the beginning of the treatment, w^e feel that w^e have given this 
method of treatment a severe test 

I am indebted to Drs Shelby, Wightman, Quimby, Bastedo, and 
J\IcCabe for the courtesy of allowung me to use the cases in both medi- 
cal divisions, and to Dr Larkin and his assistants for the dilution and 
administration of the vaccines 

The essential fact to keep in mind in connection watli this report is 
that tlie reaction was produced as a result of the introduction of a 
foreign protein, or, to be more exact, a bacterial endotoxin into the 
blood stream The following are a few”^ of the different foreign pro- 
teins which have been successfully used m the treatment of arthritis 
Killed t}phoid,^° gonococci,^^ colon and meningococcus bacilli and 
proteose 


9 Joblmg The Archives Int Med, 1917, 19, 1042 

10 Jobling and Peterson Jour Am Med Assn , 1916, 66, 1753 

11 Coley Treatment of I^Ialignant Inoperable Tumors, with Toxins of 
Bacillus Erysipelas and Bacillus Prodigiosus Read before Third International 
Conference of Cancer Research, Brussels, 1913 

12 Miller and Lusk Jour Am Med Assn , 1916, 66, 1756 

13 Culver Verhandl des Deutsch Gesellsch f Urol , 1913, 4, 102 Abstr 
in Jour Am Med Assn , 1917, 68, 362 

14 Cecil The Archives Int Med, 1917, 20, 951 

15 Miller, J L Jour Am Med Assn , 1917, 69, 765 
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In other words, one may select a bacterial, an animal, or a vege- 
table protein as a therapeutic agent The clinical reaction is appar- 
ently the same following the intravenous injection of any split protein, 
although the required doses var}’- with the different proteins In our 
treatment only one type of foreign protein was used, because very 
little IS known as to the dangers of the treatment and its counter- 
indications It might be mentioned that although we have had not bad 
results, Thomas’^" declares he knows of several cases in which the 
tieatment was followed b}^ sudden death With the exception of one 
case of hypertension, all of these patients cited by Thomas were 
apparently m such a serious condition at the time the vaccine was 
administered that they should not have been considered suitable cases 
for the treatment 

Typhoid vaccine from the laboratories of the board of health was 
used in our work Our decision in this matter was influenced by the 
consideration that it would be easy to make this method of treatment 
accessible to the general practitioner in the future if the initial success 
should prove to be of permanent character This was contrary" to the 
advice of Miller and Lusk, who said that they w^ere unable to obtain 
reliable lesults from stock vaccines The} used their owm freshly 
prepared vaccines But as the New York Board of Health laboratory 
products are universally accepted as standard, a thorough trial w'as 
considered advisable before condemning them The dose of vaccine 
w^as administered in 10 c c of freshly prepared physiologic sodium 
chlond solution 

As this type of treatment has not been extensively used, it is per- 
haps wuse to describe m detail the effects of the most important clin- 
ical phenomena wdiich have been observed in our series of cases 

1 Chill — The injection of a foreign protein intravenously is 
follow^ed after a half hour by a severe chill It is similar in many 
respects to the severe chills seen in a malarial paroxysm The entire 
body shakes violently In chronic cases, these involuntary muscular 
contractions probably play an important part in breaking up numer- 
ous small adhesions and tlius account for the increased mobility of tlie 
loiiits The violence of the muscular contractions w’^ould contra- 
indicate the use of this type of treatment during pregnancy, on 
account of the danger of abortion, or in the third week of typhoid on 
account of the danger of perforation, or hemorrhage The chill lasts 
for from tw^enty to thirty minutes, although occasionally the patient 
feels chilly for from ten to eighteen hours During the chill, the 
patient should have extra blankets and hot water bottles 




16 Thomas, H B Jour Am Med Assn, 1917, 69, 770 
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2 Tcn pcra^iirc — A nse in temperature accompanies the chill In 
moderate reactions the temperature usuall}* goes up to 103 F In a 
more severe reaction tlie temperature may reach 106 or 107 The 
patient should not be sponged or given drugs to counteract the high 
temperature while the general condition is good and while the pulse 
remains normal As a rale we hate founa that the improvement of 
tile patient s stnnproms corresponds vert* closely v ith the height of the 
temperature react on Our most striking beneficial results have been 
in cases m which tlie temperature rose to 105 ana 105 E-'-en in these 
cases we hate neter seen etidence of cardiac or respirator.- distress 
It IS interesting to note tiiat a munoer of obserers have found that 
high temperatures artificiallt- produced hate a aeletenous eS&ct on 
the life and grov tli of tlie organisms of any established mfections 
Luake belietea that tlie infecnng organism was either lolled bt- the 
hign temperature or that a more rapid and more firm union of the 
antigen ana antioody resulted However since many of our jomt 
cases are aue to gonorrheal infections the susceptiDilit} of tins par- 
ticular germ to heat shouia oe appreciated as any marked increase in 
temperature destrots the life of this organism It has been snown 
experimentally'"* tliat it is impossible to infect a panent w-itli gonor- 
rhea while suifenng from an acute infectioas disease if the tempera- 
ture at tne nme is 102 or o\er Culver*^ quotes a case of acute ure- 
thntis of three aa} s aarauon showing t}'pical gonococci m the smears 
V lien tlie patient w as admitted to tne hospital On the foHowmg day 
the patient had a chill followed by a temperature of 105 iMalanal 
parasites were founa in the olood The chihs and fever were allowed 
to conunue for four days at the end of which time tlie discliarge had 
stopped and no gonococci could be found in the urethra or in the 
unne It must oe emphasized howe\er, that the stnkmg therapeutic 
results o'otained in cases of arthnns could not consistently be attributed 
to the beneficial effects of fever alone as the streptococcus and other 
organisms srenerallv associated with this condition are not particularlv 
sensiti\ e to heat 

3 Profi'sc Pcrsp.ratWi. — Following the dull the patient s entire 
'body IS entered 'oy a profuse perspiration It has a vert* foul odor 
and is strongly aad to litmus 

— HcadacI c — This occurs in almost evert- case As a rule it is 
only moderate and of short duration occasionally it is vert- severe 
and may last as long as tw-entt--four hours ^Miller and Lusk w-am us 
against the use of this treatment in alcoholic patients inasmuch as it 
IS inclined to cause a dangerous delirium 


17 Cited by Kt-av- ilec Eliiu. 1912 S, 1S29 

18 Boemer ard Sartos* iled Kbn, 19114, 10, 1W2 
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5 Backache — In about 50 per cent of the cases the patients com- 
plain of a severe pain in the back This is usually bilateral, and some- 
times radiates down toward the gioin In this respect it may simulate 
renal colic or acute renal congestion 

6 Abdominal Pam — There is frequently pain in the abdomen 
associated with nausea and vomiting We have noted that these 
symptoms almost ln^arlably occur if the vaccines are given on a full 
stomach, and in cases which have not had a preliminary cathartic 
Occasionally, in severe leactions, the patients have mild hematemesis 
Five of our cases showed moderate gastric hemorrhages The hemor- 
rhage m one case persisted for a week Although at the time the 
gastric hemorrhages all occurred m association with very severe reac- 
tion and high temperature, yet these patients subsequently showed 
the most marked clinical improvement 

7 Pain in the Affected Joints — At the height of the chill, and for 
a few hours subsequent to it the patients almost always complain of 
an increase m the pain m the affected joints This is probably 
due to the violent contraction and mechanical irritation produced as a 
result of the chill If the pain is moderate, it can usually be con- 
trolled by small doses of acetylsalicylic acid If the pain is severe, it 
IS sometimes necessary to use from one eighth to one quarter grain of 
morphm 

8 Blood Changes — 1 The red cells The red cells tested before 
and following the chill show no difterence m their fragility In 
some cases we have noted that there is a slight temporary hemolysis 
present following the chill The same dose will sometimes produce 
slight hemolysis in one case and not m another Hemoglobin estima- 
tions do not show any marked variation during the course of the 
treatment 

2 Leukocytes Following the administration of the vaccine, there 
IS a mild leuliocytosis Coincident with the chill, the leukocytes 
rapidly decrease in numbers Usually they average 3,000 or 4,000 
This in turn is followed immediately after the chill by a second leuko- 
cytosis It usually reaches from 20,000 to 30,000, but in severe cases 
it may rise to 50,000 to 75,000 The increase is almost entirely due 
to polymorphonuclear leukocytes At the end of twenty-four hours 
the leukocyte count has usually returned to normal Jobling warns 
us that “We must not overemphasize the therapeutic importance of 
the leukocytosis, because even normal rabbits respond with a marked 
leukocytosis to the intravenous injection of typhoid vaccine He 


19 McWilliams, Helen Jour Immunol , 1916, 1 , 259 
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also reminds us that “Although splendid results have been obtained 
by this type of treatment in typhoid fever, the normal course of 
recovery in typhoid is not marked b)^ a leukocytosis ” 

9 Kidney Changes — As a great many of these patients complain 
of a severe pain m the back, one naturally asks whether it can be 
possible that this form of treatment has injurious effects on the 
kidney This phase of the subject has been particularly interesting 
since Longcope^" published his article in which he claims to have 
produced lesions simulating those of acute and chronic nephritis in 
experimental animals as a result of repeated anaphylactic shocks 
His contention is worthj^ of careful consideration and study, although 
It IS somewhat doubtful as to vhether it can be applied in cases of 
human nephritis As these reactions are apparently a mild form of 
anaphylactic shock, it vould appear, according to Longcope’s theory, 
that we should have some evidence of renal injury in our cases of 
artliritis treated by this method A number of the chronic cases have 
received from fifteen to forty injections, whereas most of the animals 
in his series were killed after having recened ten injections None 
of our patients has shown evidence of acute kidney injury, even after 
the most severe shock 

By “acute kidney injurj^” is meant the presence of a trace of 
albumin, or of macroscopic red blood cells in the urine In the cases 
which had a trace of albumin and a few casts in the urine previous 
to the administration of the vaccine, no appreciable increase in these 
elements has been detected 

In a report of very careful work on this subject, presented at the 
meeting of the American Pathological Society in Philadelphia, April 5, 
1918, Bell and Larson began by explaining that Longcope claimed to 
have found 15 per cent more glomerular lesions in his animals which 
had been subjected to repeated anaphylactic shock than were found 
m the control series of apparently normal animals Although he 
endeavored to exclude unsuspected or spontaneous lesions of tlie 
kidney by carefully selecting young and healthy animals for his work, 
he admitted having used a few animals showing mild albuminuria In 
only two or three of these did he take the precaution of examining 
the kidney previous to the administration of anaphjdactic shocks Bell 
and Larson made an effort to improve on his method They first 
stated that in examining different senes of laboratory animals, there 
IS a wide variation m the percentage of the cases showing glomerular 
lesions at necropsy In one senes of apparently healthy animals 

20 Longcope Production of Experimental Nephritis by Repeated Protein 
Intoxication, Jour Exper Med , 1913, 18 , 678 
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80 per cent showed glomerular lesions, whereas w e ordinarily 
expect to find only about 30 per cent showing glomerular lesions 
It IS not always possible to detect the presence of these lesions 
in the kidney, even by the most careful examination of the 
urine It is therefore not safe to assume that an animal has no 
healed glomerular lesions on the evidence that it appears healthy 
and has a negative urine They also took the extra precaution to 
operate in every case m order to examine the surface of the kidney 
for evidence of scars or small inflammatory areas previous to the 
administration of the foreign protein No animal was accepted which 
showed eithei of these lesions or albuminuria In their conclusions 
they say that they were unable to determine that the production of 
mild anaphylactic shocks in animals had a deleterious influence on the 
kidney This conclusion vould be m direct accord with our clinical 
results and with those of Culver 

10 Blood Piessnie — Miller and Lusk said in their paper that in 
their opinion a high blood pressure was a contraindication to this 
foim of treatment For this leason, and also as a part of the study 
of its effect on the kidney, the blood pressuies were carefully taken in 
the last sixty cases included in this report It was found that the 
blood pressure during the chill is usually raised fifteen to twenty 
points Following the chill, it is usually lowered ten to twenty points 
below normal, and remains low from one to thiee days In only two 
cases did it show a moderate use In one patient with a marked hyper- 
tension, the blood pressure dropped forty points It remained low for 
two or thiee days and gradually returned to its former position The 
treatment apparently had no ill effect on the condition of the patient 
11 Hcait — In this series, the treatment was used in ten cases of 
heart disease, two of mitral stenosis, three of aortic regurgitation, and 
five of mitral regurgitation All of these patients were well compen- 
sated, and apparently were unaffected by the administration of the 
vaccine One patient with mitral stenosis was admitted suffering from 
acute multiple arthritis of a very severe type Salicylates and acetyl- 
salicylic acid were tried for one week without affecting the temperature 
or improving the patient’s general condition He was given twenty 
million killed typhoid bacilli intravenously during the late afternoon 
The following morning he was much improved His temperature and 
joint symptoms, which showed a tendency to recur at irregular inter- 
vals for a period of two weeks, were easily controlled by repeating 
the vaccine The patient secured a position as orderty and remained 
under observation for over four months without any recurrence of 
his symptoms Apparently, the heart lesion remained unchanged The 
other case of mitral stenosis was promptly and permanently relieved 
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trom precordial pam by the administration of one dose of ^acclne 
Luthlein-^ reported a case of gonorrheal endocarditis successfully 
treated in this manner. 

Up to the present time no bad cardiac s^miptoms or signs have been 
observed as a result of die patients being allowed to get out of bed and 
walk about die wards e have found that it is apparendy unneces- 
saiy- to keep the patients in bed except during die day when die}* 
receive die vaccine 

RESULTS 

In reporting on the efficacy of diis therapeutic procedure it is 
difficult to gi\e an absolutely accurate report wndiout gomg into die 
minute details of each case Our report includes 110 patients treated 
during the past eleten mondis For tiie sake of breiit}- we have 
grouped die cases and have attempted to give an mipartial report of 
our clinical results 

Acute Cases — In about 60 per cent of the cases one injection 
aoruptly teniiinated the acute attack A large majority of diem had 
been unsuccessful!} treated b} die usual rheumanc remedies Defore 
coming to the hospital Thirn* per cent required from one to five 
injections The greater number of these obtained immediate relief 
from pain althoagh the permanenc} of die cure has not been estab- 
lislied Ten per cent were unmiprox ed 

Subacute Cases — In this class we included the cases of less dian 
one year s duration not shownng anlalosis After repeated injections 
marked improvement w*as obtained in 50 per cent, of diese cases con- 
siderable improt ement m 25 per cent and onh slight nnprovenient in 
the remaining 25 per cent 

From our observation up to date it would seem that die greatest 
improvement follows die first dose It was frequently noted diat 
intractable or obstmate cases did not improve until we had given doses 
sufficiendy large to produce a severe reaction Sometimes one severe 
reaction was sufficient at odier times it required several marked 
reactions to eftect a definite improvement in die panent s condition 

CLrohic Cases — ^This class included cases which have persisted 
for periods lasting from one to ten \ears even diose with marked 
ank}-losis A moderate lmpro^ ement in die rnobdit}' of some of die 
joints was noted in almost all cases This increased mobilit}* was par- 
ticularl}- noted in the joints of die upper extrenuties Even a small 
improvement is a cause for gratitude in the patient as it allows him 
mcreased abilit}- to use his hands and arms 

21 Lutlilein Wien. klin. Wchnschr 1915 2S, 533, Tour Am iled Assn 
Feb 3, 1917 
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PRECAUTIONS TO BE OBSERVED 

As this method of treatment is still in its infancy, a word of 
caution IS in order Rufus Cole advises that before the foreign protein 
therapeutic treatment is given to the general practitioner, experimental 
medicine should determine its dangers Miller and Lusk conclude 
their leport with the following warning “This form of therapy is 
still in the experimental stage, and should not generally be applied 
without first a careful consideration of the dangers associated with it ” 

The most important dangers and contraindications which we have 
noted in our work up to the present time are 

1 Hemolysis may occur as a result of the intravenous use of 
distilled water, therefore, alvays dilute the stock vaccine with sterile 
normal salt solution 

2 Start the treatment by using small doses — five to ten millions 
The average dose is considered to be about fifty millions, and the 
maximum dose about two hundred and fifty millions We have fre- 
quently used much larger doses, but following these larger doses the 
reaction is uncertain, and sometimes dangerous In this connection, 
Jobling says 

It IS almost impossible to determine beforehand the degree of reaction 
which will follow these intravenous injections Some authors believe that it 
depends on the severity of the disease, while others consider the concentration 
of immune bodies in the circulating blood more important From a general 
survey of the work done, however, it appears that there is some other factor 
as yet unknown which plays an important part in determining the severity of 
the reaction 

3 If a typhoid vaccine is used as a foreign protein therapeutic 
agent, it is necessary to remember that if only one dose has been given, 
the patient is sensitized to typhoid infection To minimize danger, at 
least two more injections should be given — subcutaneously if neces- 
sary — m order to desensitize the patient The second and third injec- 
tions should be given within six days’ interval after the first injection 

4 Before using any vaccine, inquire carefully as to the previous 
history of anaphylactic phenomena Then follow up the treatment 
with the same type of vaccine throughout We have had only two 
cases which gave mild anaphylactic symptoms No cases of severe 
anaphylaxis have been reported so far in the literature, when a typhoid 
vaccine was used 

CONCLUSIONS 

1 It has been found that intravenous injections of foreign pro- 
teins are apparently more efficacious than the usual drug treatment 
for the relief of cases suffering from acute, subacute, and chronic 
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arthritis In making this statement, due consideration has been given 
to the known variation in duration of an attack of acute rheumatic 
fever 

2 In some cases there is a tendency to recurrence, with symptoms 
milder m type A large proportion of these patients can be greatly 
benefited by intensive treatment The percentage of these recurrences 
IS no larger, if as large, as we are accustomed to see in the patients 
treated by drug therapy 

3 There is no evidence up to date that the foreign protein injec- 
tions have an injurious eftect on the kidneys 

4 Treatment is not dangerous if the foregoing precautions are 
observed 

5 Vaccines prepared at the Laboratory of the Board of Health give 
reliable and uniform results 
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SEROLOGIC LOCALIZATION OF ORGANIC 
BRAIN LESIONS -f 

J M RETINGER PiiD 

CHICAGO 

During my work on dementia precox, the dialysis method of 
Abderhalden, slightly modified, pro\ed to be of great value Yet, as 
this method did not, for certain reasons, become \cry popular, I 
thought it imperative to show that if used properly it is quite reliable 
and more than that, it can be of great \ alue in the clinical diagnosis of 
obscure cases 

It seemed advisable to attempt to localize by this method those 
gross brain lesions which could be verified either by an operation or 
by necropsy, or by unmistakable clinical evidence The technic used 
in all experiments was a modification of the original method based on 
nearly 4,000 tests, was easy to perform, less complicated and perfectly 
lehable The detailed description of this modification will be found 
in the latter part of this article 

In the cases in which the dialysis method has been used for the 
purpose of a focal brain diagnosis, twenty-five have been sufficiently 
studied clinically or verified by operation or necropsy to be considered 
The clinical diagnosis or symptoms were not known to me in most of 
the cases of this series The serum was delivered for examination 
with only the general information that the patient suffered from some 
brain lesion, the location of which was not even suggested, but which 
I was requested to locate by serologic means After the test was made 
and the diagnosis from the test was noted, it was given to the clinician 
for final comparison 

In the general table (Table 1) summarizing the lesults, the portions 
of the brain (“substrates”) taken for the single tests are named by 
Roman and Arabic numbers Figures 1 and 2^ show the gyri which 
correspond to the numbers in Table 1 and in the text Table 2 repre- 
sents the subcortical structures under III and IV 

* Submitted for publication March 12, 1918 

’f'From the Psychopathic Hospital of Cook County 

* Part of the work reported in this paper was conducted in the Otho S A 
Sprague Memorial Institute, another part in the Memorial Institute for 
Infectious Diseases 

1 Figures 1 and 2 are adapted from pictures in the “Human Anatomy” of 
Spalteholz 
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Fig 1 — The areas of the brain cortex 



Fig 2 — ^The mesial surface of the brain 
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TABLE 2 — Subcortical Structures Under III and IV, Table 1 


III 1 Spinal cord, upper curvature 

2 Medulla and lemniscus 

3 Pons 

4 Corpus mammillare 

5 Ohiasma opticum 

6 Pituitary (whole, human) 

7 Olfactory tract and bulb 

8 Pomix 

0 Caudate nucleus 

10 Optic thalamus 

11 Geniculate body (lateral,' 

12 Choroid plexus 


13 Pineal gland (human) 

14 Corpora quadrigemina 

15 Corpus callosum 

IV 1 Pineal gland (cattle) 

2 Pituitary (cattle, anterior) 

3 Pituitary (cattle, posterior) 

4 Infundibulum (cattle) 

5 Dura 

6 Cerebellar gray matter 

7 Dentate nucleus 

8 Internal capsule 

9 Lentiform nucleus 


APPARATUS AND TECHNIC 

Dtalyzeis — They are made of collodion in the following way A 10 per 
cent solution of well dried celloidin shreds m equal parts of alcohol and ether 
IS filled into tubes % by 4 inches (best with far outstanding rims , so-called 
fat melting point tubes). The tube is now reversed and the collodion is 
allowed to flow directly back into the bottle for one minute The tube is then 
reversed again and allowed to stand another minute upright, until a small 
drop collects on the bottom of the tube The tube is reversed again, the ring 
of collodion permitted to reach about the half of the height of the tube and 
turned back into position Through turning of the tube the solution is now 
distributed evenly on the lower part of the tube After a short experience 
one is able to judge just how much of the solution to let accumulate on the 
bottom in order to obtain a good thin tube with enough strength in the bottom 
to prevent folding in 

The ether vapor is blown out from the inside of the tube, which next is filled 
with 80 per cent alcohol After allowing it to stand for about twenty minutes, 
the alchol is poured out and the tube, with the collodion film, immersed in 
cool running water After all the alcohol is washed out, which takes place 
after about thirty minutes, the rim is loosened, and the dialyzer can now be 
easily pulled out If the dialyzer made in this way has no air bubbles and is 
evenly shaped, it can be used without testing It is advisable to reject without 
test all those which are either uneven or too white (they ought to be just 
slightly milky), or if they contain in the wall, and especially on the bottom, any 
air bubbles There is too much danger of breaking the very much thinner 
wall of air bubbles and making the dialyzer leak and consequently losing the 
experiment The dialyzers are preserved in 80 per cent alcohol and washed 
for half an hour in running water before every test They can be used over 
and over again, only care must be taken to remove all the serum after every 
use For that end it is advisable to wash them first in physiologic sodium 
chlorid solution to prevent any globulins from precipitating, and afterward in 
running water for at least one hour They ought to be in alcohol for at 
least six hours between tests in order to sterilize them 

Dialyzers made in this way keep very well for many months, are ready for 
use at short notice, and are uniform in action 

The way of making them was adapted, with some changes, from a similar 
method by Pregl" 

Dialyzing Flasks — Instead of the expensive Erlenmeyers with wide neck, 
as recommended by Abderhalden, I am using ordinary wide-mouthed, tail- 
form 3-ounce bottles The advantage of these bottles is the low price, and 
what IS more important, the possibility of utilizing a much taller column of 
water for dialysis, thus proportionally to the dialyzing surface increasing the 
rate of dialysis 


2 Pregl Fermentforschung, 1914, I, 1 
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JVatei — Ordinary distilled water (neutral to litmus) is used 

Scrum — The blood is usually taken from any of the large veins in the 
arm with just enough constriction not to suppress the pulse entirely A short 
needle, gage 16, was found most suitable because, while not making too big 
a hole in the vessel, it allows the collection of the necessary volume of blood 
quickly, thus preventing any annoyance to the patient About 3 or 4 ounces 
of blood are collected into dry sterile bottles without the use of any anti- 
coagulant The blood is allowed to stand for an hour or so at room tem- 
perature, then the clot is torn to smaller pieces A\ith sterile long hatpins and 
separated well from the glass, and the container left in the ice-box for several 
hours (over night) The serum is poured off into centrifuge tubes and centri- 
fugated at medium speed for about ten minutes The clear serum is pipetted 
off into a dry sterile graduated cylinder 

The serum should not show much hemoglobin, although that docs not 
interfere markedly with the reaction, according to mj experience In the 
same way it is not essential to take blood outside of the digestive period, 
though it seems to give a clearer cut experiment to do so Presence of bile 
in blood does not interfere with the reaction, bejond staining the dialyzers 

Suhshates — As material for mj' brain tissues, human brains from necropsies 
were vised Only brains from individuals perfectly normal, as far as the brain 
was concerned, were used and care was taken to use as fresh matenal as 
possible (not more than ten hours after death) to avoid postmortem changes 
in the tissues 

All the large vessels were removed and pieces cut out as marked in 
Table 2 and Figures 1 and 2 In slicing off pieces from the cortex, care was 
taken to remove only the gray matter, the parts from inside the fissures not 
being utilized at all The pieces were cut into small particles of the size of 
a small pea and left stand for some time in labeled flasks filled with tap 
water, preferably in the ice-box Every two hours the water was changed 
until all traces of blood disappeared Now distilled water was used in the 
same way, and lastly distilled w'ater with 0 5 per cent acetic acid After 
all the blood was removed from the tissue in this way, the pieces were coagu- 
lated by immersing for about two minutes in boiling water The tissue was 
fished out, put back into the labeled flask and extracted cold two or three 
times with alcohol and as man 3 '^ times with ether in order to remove all fat 
and hpoids When a drop of extracting fluid docs not leave any fat on 
evaporation on a watch glass, the tissue is ready for freeing it from dialj'z- 
able substances giving the ninhydrm reaction That is accomplished by 
immersing the particles in boiling water for not more than five minutes and 
repeating the procedure several times with fresh water Care must be taken 
not to prolong the boiling too much, because then we run the danger of 
hydrolyzing or boiling off the specific protein The boiling is repeated until 
10 c c of the water in which the tissue was boiled ceases to give a reaction 
with 0 2 c c of a 1 per cent ninhydnn solution on boiling for about three 
minutes , that is, until about 2 c c are left in the tube The tissue is now trans- 
ferred to sterile bottles, covered with boiling distilled water and about Vs 
inch of toluene If the bottles are properly corked and the pieces, when 
necessary, taken out under aseptic conditions, the tissues thus prepared keep 
almost indefinitely Just before the test the substrate is boiled three times, 
for a short while each, in distilled water 

Test Tubes— The test tubes should not alkalinize the water on boiling 
and therefore only the best quality should be used— Jena, Nonsol, or best of all, 
Pyrex The test tubes and the flasks are always cleaned with chromic acid 
The Test — ^Into each of the dialyzing bottles 10 cc of neutral distilled 
water is measured with a pipet The washed dialyzer is taken into the left 
(scrubbed) hand, a piece of the chosen substrate inserted into it carefully with 
a long forceps and from 0 7 to 1 cc of the clear serum added The charged 
dialyzer, after being provided with a half inch layer of toluene over the 
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seruin is put into the bottle, a fe«’ arops of toluene dropped on. toe vrater and 
ail co"ered with a watch glass As many diah'zers are charged as different 
substrates are to be used and e.ery bottle is labeled to avoid confusion. 
BesiGes those tissue oiah-zers an odo number (three or fi\e) of serum control 
tubes (without any suDstrates) are nggec up in the same way All bottles 
are left for twenty* hours in an incubator regulateo at between 26 and 30 C. 
TpiS low temperature was chosen as it is sufficient for the oigestion while 
it is not high enough to spoil the Gialyzers by promoting in an%- verv' marked 
cegree the nj droh'sis of ceiloioin which oeing an ester is hydrolyzible. 

After twenty hours’ incuOation the water from the outside of the Gian-zer 
IS transferred into alkali-free test tubes The contents are Doiled for a short 
time to cnie off the toluene, 2 crops of a 1 per cenL solunon of mnhi-dnn 
are acced anc the contents of the tube again boiled bnskly until only a Vs 
men mgn lai'er is left in the test tube. If m the case of bumping or foammg 
the iiCuiG oecomes turbiG or precipitates tne test is rejected because of the 
pDssiD’l ty of tre presence of prete n due to a leaky ciaijzer. If on the otaer 
nanG the 1 quid remains clear but refuses to boil quietly one or more short 
glass capillaries (sealed on the upper enci may be croppea mto the tube. 

The reacing iS maoe at least half an hour after me last tube ’s ooiied 
lU vnich time the equiliorium is Surely reacneo. The reading .s mace oy 
comparison vitn tne control tuoes "-hicn sometimes are siigntiy co'orea This 
ma^ be Cue eiti'er to presence in me serum cf oigesnve ferments or amino- 
acncs anc peptones if tne biooc was taken cunng c’gesUon or was sughti, 
hemon-zea. After a sho~t enpenence th’s fact coes not make any cimculties 
The control tuoe is consioerec negati.e Three plus was the cesignation given 
to the color wnich appears wnen See of a 0 1 per cent solution of asparagin 
and 2 crops of the ninhiarn are aoaed to a boiled covm ccntrol tuoe. anc 
tne contents boilec as m ah otrer tests The inteiTnec.ate colors are called 
2 and 1 p'us 

After the mnnicnn test is read the reacuons are paintea witn co'orec inks 
— *^nite blue, i oiet, anc rea (3 piusi — on charts laent-cal with F.gures 1 
and 2 as well as a figure mcicaurg the Subcortical structures of Table 2 
but pnntec on transparent paper tnus showing after ovenmposmg in trans- 
m ttmg lignt an the reacnons in va-ious levels at a time, ano allowing the 
deteminaticn of the localization cf the les'on. 

?,=i5ur.T5 or msTS 

C-5E 1 — Y3 V PsjxhopathiC Hospital Chicago Tan 3 1916 Brain tumor 
Onh seven cifferent brain tissues were useG as suostrates In this and the 
tv'o fouov. .ng experiments a mixtime of ail tne parts of the cortex was used as 
substrate witnout Cifferentiation An exceedingly strong reaction with the 
pimitai^' tells tne localization Qinically acmmegaly 

C. 4 .SE 2 — ilr P. Psj chopathic Hosp.tai Crucago Feb S 1916 Brain tumor. 
Ten cifferent suostrates were usee The reaction wiin tne anterior p.tmtary 
(3 plus) indicates the locahzabon of the ies on, as would be expectea accord- 
ing to a cnrucai ciagnos s of acromegaN 

C.-SE 3 — jlr X Cook Countj Hospital Feb 8 1916 CLnicai D.agnosiS, 
bra-n tiunor Xine Gifferent substrates were used. Tne cerebellar gray matter 
and tre pons gaie strong positive reactions A necropsy performed a week 
later o\ Dr. Bissel pathologist of Cook County Hospital rei'ealec a tumor in 
the cereneliopontine angle. 

C.-SE - — A. F PresDj'tenan Hospital. Chicago Dr R. "(liilder June S 
1916 Cunlcal ciagnosis knovrn to me p’neal gland disease (sexual precosim). 
Fourteen suostrates were usea Tne double negative reaction with the p'neal 
gland excludes that structure. The lesion is localized in the postenor lobe or 
the hi'pophysis (III- and r(T) representing probably hypofunction. which would 
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produce sexual sjmptoms similar to those due to pineal trouble Clinical diag- 
nosis afterward changed to posterior pituitary insufTiciencj 

Case S — L D Cook County Hospital Dr R. Hamill, May 18, 1916 
Clinical findings, motor aphasia and right body hemiparesis Eighteen dif- 
ferent substrates were used The most pronounced reactions are m the optic 
thalamus, pons, frontal cortex and the Broca convolution 

Case 5a — Same case. June 22, 1916, shows practicallj the same reactions, 
with only slight differences in intensity of positiveness 

Case 6 — F Presbyterian Hospital, Chicago Dr D Lewis, June 23, 
1916 Brain tumor Fourteen different substrates used The most important 
reactions are in the pituitary (III® — 3 plus) and especially its frontal lobe 
(IVa — 3 plus) and the occipital vision center (IT® — 2 plus) Localization The 
lesion is in the anterior hypophjsis, visual trouble Chmcallj, acromegaly, 
blindness 

Case 7 — G J Ps 3 chopathic Hospital, Chicago, April 16, 1917. Twenty- 
one different tissues used as brain substrates The reaction (3 plus) with the 
occipital vision center (IL), and the anterior pituitary (IV: — 3 plus) suggest 
the localization of the lesion in tlie hjpophjsis A subsequent roentgen-ray 
examination reveals a very small sella turcica, posterior chnoid processes much 
enlarged and possible pituitary hj'poplasia Chmcallj, visual delusions 

Case 8 — Em F Maj 24, 1917 Twentv-one different substrates were used 
Besides a 2 plus reaction in the pituitarj (anterior), there is a prominent reac- 
tion with the visual center in the occipital lobe The patient later gave a his- 
torj' of having suffered several jears from double vnsion, but the relation of 
this to the reaction, if anj', is not clear 

Case 9 — Mr T Psjchopathic Hospital, Chicago, Aug 8, 1917 Clinical 
diagnosis, violent mama with visual hallucinations Fortj different substrates 
used The motor area of the cortex shows throughout positive reactions (Lse 
and II:), while the positive reactions with visual path represented by the cuneus 
(II:; — 2 plus) the corpora quadrigemina (IIIn — 2 plus) and the lateral genicu- 
late bodies (Hill — 3 plus) correspond with tlie visual delusions 

Case 10 — A G Dr A Hejm, Nov 9, 1917 Diagnosis, brain tumor Thirty- 
four different substrates were used The motor area in the cortex show's verj’ 
pronounced positive reactions (Leo) The pituitarj' gives strong reactions (2 
plus — ^IIIc, IV:) The lesion lies in the anterior lobe of the pituitarj Clinical 
diagnosis, acromegaly with occasional epileptiform attacks 

Case 11 — M Psychopathic Hospital, Chicago, Nov 26, 1917 Dr G W 
Hall Clinical diagnosis, tumor in the left frontal lobe Thirty-four different 
substrates were used The lesion was apparently cortical, because all non- 
cortical tissues reacted negativelj' (III and IV) and lies clearly in the frontal 
lobe (Ii:: are 3 plus positive) Because of too small a number of different 
parts of the frontal cortex used for the test, no nearer localization could be 
attempted The clinical findings, in short, were the follow'ing Trauma three 
months previouslj', rapid mental deterioration for the previous month, dis- 
orientation, emotionalism, recognized objects but could not name them, gen- 
eral tremor, jerking of right arm at times In the beginning of February the 
patient died after a second trephining (in the left frontal region) and on 
necropsy, performed by Dr LeCount, was found a glioma of the left parietal 
lobe in the neighborhood of the base of the temporal lobe 

Case 12 — F A. Presbyterian Hospital, Chicago, Dec 6, 1917 Dr Thor 
Rothstein Diagnosis, brain tumor Fifty-nine different substrates were used 
All the positive reactions in the frontal, central, parietal and occipital lobes 
could be centered by the association tracts in the temporal lobe and especially 
in its basal part Here, too, were the two most pronounced reactions (L and 
IL) Pathology in that region would very well explain the reaction with the 
corpora quadrigemina (III») and the cerebellar gray matter (IVo) It seems 
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that the lesion was located m the base of the temporal lobe m its white matter 
and that the pressure was directed mostly toward the adjoining parts of the 
cerebellum and possibly the corpora quadrigemina 

The clinical findings related to me after finishing the test were the follow- 
ing Pupils large and equal, right does not respond to light or accommoda- 
tion, left sluggishly, vision in right practically absent, distinct temporal hemi- 
anopsia in the left, no evidence of involvement of cranial nerves, rigid neck, 
passne motion in all directions causes pain, which is also the cause of dif- 
ficultj' m rising from recumbent position, vomiting, fainting spells, all reflexes 
normal, spinal pressure 265 Clinical diagnosis, tumor of the hypophysis 
Since the patient left the hospital without being operated on, neither the clin- 
ical nor the serologic diagnosis could be confirmed 

C^SE 13 — S S Cook County Hospital, Jan 28, 1918 Dr G W Hall 
Diagnosis, probably brain tumor Fifty-nine different substrates were used 
The lesion was evidentlj' cortical, since all the most pronounced reactions 
appeared in the convex surface (I; 301350 — 3 plus) All of these areas could be 
centralized through the association fibers in L Hence the localization of the 
lesion in the upper part of the third frontal convolution Clinically, tumor in 
the right frontal lobe 

Case 14 — Stan G Cook County Hospital, Jan 28, 1918 Dr Hamill Aphasia 
and right body hemiplegia Fifty-seven different substrates were used The 
3 plus reaction with the Broca convolution suggested aphasia Three plus 
reactions with the lower anterior central convolution is accounted for, on one 
hand, by the strong reaction with the internal capsule (2 plus — IVs), on the 
otlier hand, by an apparent degeneration of fibers connecting the motor area with 
the base of the caput nuclei caudati (3 plus — IIId) and running thence through 
the corpus subthalamicum and the lemniscus (III- — 1 plus) 

Thus the lesion, of whatever nature it is, must lie in the lower portion of 
the anterior central gyrus and Broca’s convolution, causing aphasia, right body 
hemiplegia, and probably involvement of the fifth, seventh, and twelfth cranial 
nerves which originate in said area 

Case 15 — V B Cook County Hospital, Feb 11,1918 Dr Hamill Aphasia 
Sixty-one different substrates were used The reaction shows diffuse changes 
following pretty closely the areas supplied by the middle cerebral artery and 
especially its external striate branch, so that only a hemorrhage or thrombosis 
can be suggested without any centralized localization Clinical diagnosis, 
thrombosis involving the Broca convolution 

Case 16 — T K Aug 31, 1917 Cook County Hospital The following 
clinical diagnosis was given to me subsequent to the completion of the test 
Sudden blindness from secondary optic atrophy, probable cause, serous men- 
ingitis 

The test was performed with forty different substrates The strongest 
reaction (3 plus) was with the cuneus and corpora quadrigemina, 2 plus with 
the optic chiasm In short, the test was strongly positive with the visual fibers 
of the brain, and indicated that some pathologic process involved these fibers 
This entirely corresponded with the clinical symptoms as already stated 
Case 17 — C D Sept 24, 1917 Cook County Hospital Dr G W Hall 
Clinical diagnosis, possible brain abscess or cerebral thrombosis 

The reactions, which were made with thirty-six different substrates, were, 
when positive, located almost only in the cortex and apparently scattered The 
frontal lobe (I1-I2-I5 — see Fig 1) proved to be strongly positive, though the 
corpus callosum, corpus mammillare, and the medulla reacted slightly posi- 
tively The path of the association indicated that the posterior part of the 
second frontal convolution was the probable seat of the lesion (point between 
B-B-b) 

The necropsy performed by Dr John Nuzum, pathologist of the Cook County 
Hospital, revealed a solitary abscess in exactly this place 
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Case 18 — H S Oct 3, 1917 Presbyterian Hospital, Chicago Dr P 
Bassoe Clinical diagnosis, brain tumor The reaction -ft as tested with forty 
different substrates and indicated in the first place that the lesion was not in 
the cortex. The most pronounced reactions ivere iMth the cerebellar graj 
matter (IVe), with the dentate nucleus (IV-), anterior pituitary and the corpus 
callosum The final diagnosis from the test was lesion in the cerebellum, 
which was found at the operation in the form of a large cyst of the upper 
frontal part of the cerebellum 

C\SE 19 — O’B Presb 3 'terian Hospital, Chicago Dr James B Herrick. 
Clinical diagnosis, brain tumor Fortj' substrates were used The strongest 
reactions were with the posterior pituitarj, ^,lth the chiasm the lateral genicu- 
late bodies (Hill), the cuneus (IIj), the olfactory bulb (III-) and the uncus (IB) 

The strong positn e reaction w ith the optic chiasm explains tlie 2 plus v ith 
the Msion center in the occipital lobe, especiallj because the reaction with the 
lateral geniculate bodj was 3 plus, thus completing the number of positive 
reactions throughout the central visual path The 2 plus reaction with the 
olfactory apparatus, due probablj to pressure from the pituitarv, suggests an 
olfactory disturbance, a fact which would explain the 2 plus reaction with 
the olfactoiy’ sensorv area (IB) This suggestion is still more upheld bv the 
2 plus reaction with the corpus mammillare (HB), vhich, as known, holds 
some relation to the sense of smell The reaction with the thalamus (IIBo) 
probablv can be explained as involvement secondaiy to that of the corpus 
mammillare, possiblj through the fasciculus thalamo-mammillare (bundle of 
Vicq d’AzjT) The 2 plus reaction with the choroid plexus would indicate 
intracranial pressure Thus the localization of the lesion in the posterior 
pituitarv' 

After deliver 3 of the complete report the following clinical and laboratoiy 
details were given Diagnosis of tumor in the h 3 poph 3 Sis, roentgen-ra 3 
examination shows great destruction in the sella turcica Ophthalmologic exam- 
ination Visual field of left side destro 3 ed almost complete^ , in the nght 63 e 
very m_,uch subnormal Almost complete loss of smell on the left side as com- 
pared with the right side. 

Case 20 — ^Mrs H Oct 18, 1917 Presb 3 terian Hospital, Chicago Dr P 
Bassoe. Clinical diagnosis, brain tumor Forty different substrates were used 
The most pronounced reactions were in the fornix (IIB), the optic chiasm 
(IIB) and the anterior pituitary" (HB) , 2 nlus reactions in the optic thalamus 
(IIBo) and the choroid plexus (IIIi:), a weak reaction with the caudate nucleus 
(IIB), the other part of the hy-pophysis (IVj), the olfactory apparatus (HI-) 
and the corpus callosum (IIIu) 

Since there was a general diagnosis of tumor, an attempt was made to 
localize it in one of the enumerated structures A lesion in the pituitary or 
in the chiasm causing such strong reaction would undoubtedly cause visual dis- 
turbances and reflect on the geniculate bodies, corpora quadngemina and the 
vusual center in the sensory area of the occipital lobe, since these parts gave 
negative reactions the localization was to be in the fornix or the thalamus, 
and It was decided that it was most likely in the fornix, because a lesion m 
the thalamus probably would have brought about secondarily some cortical 
reactions which are missing 

After deliveiy of my report and localization I was informed that clinic- 
ally there was no localized lesion, but an internal hydrocephalus of the third 
ventrical with pressure directed mostly tow’ard its frontal wall The reactions 
obtained in the test, as can be seen, are in no way contradictory to that 
diagnosis Only the posterior wall of the third ventricle — the corpora quadri- 
gemina and the pineal body — are represented by a negative reaction, w"hile all 
Its frontal, superior and lateral structures gave strong reactions that indicate 
their involvement possibly from pressure Some time after this test the 
patient had a left temporal decompression performed, and since then developed 
signs indicating tumor in the right hemisphere 
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Case 21 . — ir ^ Cook Cotror- Hosp'fel Oot. 23 1917. Semce of Dr. 
J. Gmrker CLrocs.! diagnosis, tumor or abscess of tne cerebellopontine angle, 
inis cifmcal c.sgnos:s vras Imonm to me T-hen this test -ras made. 

ln-rt^-e:gnt oCerent tissues mere used. The mre nreak reactions m the 
ccrtex (Tab^e I ! are in apparentig no direct relation to each other anc exclude 
the idea of a cortical lesion, but tne strong reaction (5 piusj -vritn corpus 
caLosum (Hln'i suggests tnar tnose reacuons are D.iateraL The basai sanaha 


vntn tne so.e excenucn or 


p-nea* aiann. Trere neaaure. i 




ing p-ortiTelr reacting structure — the pons (IIL:; — must be tne seat of the lesion 
—cl e the 5 p'-s vuth the cnorcid pienus (ULr) mmcates proDaoIg increased 
intracraiuai pressure vrnicn >ed to tne cnrucai cuagnosis of bra.n tumor. The 
cuiucai lo-calmaticn j.n the cereoehopontine angle vras based ciuehy on the 
m ob'emen: of craruai nerves from III anc XIL The necropsy p;:rfc-mcd cn 
Xc" 10 1917 oy Dr T Xuzum snomed pressure cn tne pons by a large tnmor 
from the nasopharynx. 

C.\SE 22— hfrs. G. Oct. 22 1917 ILchae: Reese Hesp-tai Oucago Dr 
S K_h. Chmcai iLagnors ma-n tumor Tmrt; -e.ght mnerent suDstrates used. 
The ~ho e aspect cf the reacuon pc nus to tmo areas cf possioie iesicn — the 
frcntal Icoe and the corpora cuadrigem.na. If me consicer me lesion :n tne 
frontal com o mon. then it tvou.d oe errecten mat the corpora cuadrgenuna 
~onId be invo red tco thrc-gh the degenerauon of corresp onmng asscmation 

reacuon vuth the chasm flllr) '“O^.-d natura. y na"e to ce stronger than 
found. In accLucm the p"eTa.ence of strong reactions aione po.nt5 to the 
iC'-caJnauon of tne ies on be.ng .n me fronmi lobe probaoly the ccstenor part 


-T-fter receivirg tms sero'ogic locaLaatron Dr Km c-sc:osed ms CL.mca- 
dndngs —men ^ec mm to the .ccauaauon of tne tumor :n me seconc freutai 
ccuvolutiom 

C.-.sa 23 — H. G Oct. 23 1917. Cock Comm Ko5pita„ Dr G V*'. Had. 
CLmcal d-aguosis bra.n tumor. Tee number of pos'tive reacuons in the sub- 
ccrucal r^ons suggested the making of an attempt to localize the tumor 
cutside of the henuspheres. On account of than the nners runmng from ah 
certen areas shoming poruve reacUons vrere traced. Tne nrst tiung vriuch 
attracts the attention 's the invo.vement of the cortca! origin of the central 
path of cramai nerves III and Xli Cvrith the ereepuen of the accessorius'^ 
the ccrticai onmn of nerves V and XH is located in the iomer tevo-thirds cf 
the artenor central giurus anc is here represented oy positive reacuons (T and 
T'}. ~mie the ccniomctcr and tro-cniear originate ir tne superior portion of 
me secend frcntal convoinuon mmeh gave a 3 p.us reacuon The 

nucie. of ali these ner-es give a pos'U*-e reacuen (IITf and It is to be remem- 
bered that me nuclei of the tmrd and fourth cramai nemes Le nearest to me 
uralis of the fourth ventricle and that the, derive from a certen a^'ea giving 
E 5 plus reaction; the corpora Cwadnge m . n a are 2 p'ns pcs.Uve. and the ceniri- 
fugai ncers from the temporal (D? anc ccep tai ioce (I i . run thro_gc the 
postenor comm’ssure. tne nearest structure to the corporn. cuadrigemica* the 
chc'c d p'enus fIII=>. the cerebeLar grap 


e cGurm ventncie. 
carter cf the cere- 
far as 


— ith the mvolvement of the dentate nuclem and the gray 
behunu of me ac-ecuct of Sylmus and of the corpora ctiadugemfn 
the mneai gland. A possib-ilty of a second focus in tne hypophysis vras 
pointed oA 

The clinical c.agnos s vras c-sclosed after the tests vrere reported » 
tumor in the region of the Iomer temporal lobe of tne rfgnt side, vuth pres- 
sure luvolmrs the corpora cuadrigemina. 
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The necropsj performed Oct 26, 1917, by Dr J Nuzum revealed a large 
soft glioma beginning m the dentate nucleus, and extending over the corpora 
quadngemina The hjpophjsis \\as undermined by a cyst 

Case 24 — Mr X. Nov 9, 1917 Private patient of Dr B G Hassin Diag- 
nosis, well localized brain lesion The result of the test (Table 1) made with 
thirty-six different substrates did not admit of any other diagnosis than that 
of a lesion in the upper motor area (Im) The clinical diagnosis, received 
as usual after the dehver> of the serologic report, was Jacksonian epilepsy 
confined to the left leg only, due to an old skull trauma 

Case 25 — ^Mr XX Nov 16,1917 Private patient of Dr A He 3 m Diag- 
nosis, epilepsj possibly due to a localized lesion Thirtj -seven different sub- 
strates used The test shows besides rather weak reactions in the panetal and 
temporal lobes a verj strong reaction (3 plus) over the whole extent of the 
anterior central convolution (I«-o) and the paracentral g 3 rus (IL) 

The strong positive reactions with the caudate nucleus and corpus mam- 
millare (3 plus — IIT, IV<) are explained b 3 the fact that the fasciculus sub- 
callosus, which originates in the anterior central convolution, is interrupted 
in the caudate nucleus, while the central cortical path of the tegmentum, which 
originates in the same cortical area, after crossing the caudate and lentiform 
nuclei passes into the neighborhood of the corpus mammillare 

On the basis of the serologic findings the lesion was localized m the upper 
part of the central convolution An operation performed ten da 3 s later revealed 
a deep tumor of the size of a hazelnut, which could be easil 3 palpated in 
this location 

In this bnef report the discussion of the individual cases has been 
purposely omitted and only the most important and striking features 
hav'e been noted On the basis of the findings in the limited senes, the 
serologic diagnosis is supported in four cases by the post mortem 
findings, in two cases by an operation, and in fifteen cases the serologic 
findings are in complete agreement with definite clinical evidence Two 
cases differ from the clinical diagnosis, but the diagnosis has not been 
controlled by necropsy or operation In one case (Case 11) the 
necropsy findings proved that the serologic diagnosis was erroneous 
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THE TREATMENT OF GENERAL PARESIS + 
CIARENCE A NEYMANN, MD 

AND 

NATHANIEL H BRUSH, MD 

BALTIMORE 

The first question to be decided in describing the treatment of 
general paresis is that of the diagnosis In this clinic we subdivide 
neurosyphilis into two main types, the mesoblastic and the parenchy- 
matous , thus making the anatomic lesion coincide more or less with the 
clinical picture 

The mesoblastic type of neurosyphilis is again subdivided into the 
endai teritic, the meningitic, and the gummatous forms Since it is 
not our intention to describe the treatment of these particular forms, 
we content oui selves with merely mentioning them 

Parenchymatous syphilis of the central nervous system is differen- 
tiated, first, according to the location of the lesion, and secondly, 
according to the clinical picture Thus, we distinguish between tabes 
and general paresis, and can fuither speak of a diffuse cerebral, a 
focal cerebral, a cerebellar and a tabetic type of the latter disease 
We can also speak of a simple dementing type, an expansive type, a 
type with depressive symptoms in the foreground, etc 

This IS quite clear whenever we deal with outspoken clinical pic- 
tures, but 111 incipient paresis, diagnosed mainly by the laboratory find- 
ings, the great question arises When shall we consider a patient 
having a positive Wassermami in the blood and spinal fluid, a paretic 
gold curve, a high cell count and positive globulin tests, as a case of 
general paresis^ All this involves fine anatomic differentiation, and, 
what IS more, a coupling of this differentiation with the serologic 
findings With the present state of our knowledge we are unable to 
say, with any degree of accuracy, when a possibly vague cerebrospinal 
involvement becomes clearly parenchymatous, and whether this corre- 
sponds to the time when the serologic tests become the same as those 
of outspoken general paresis 

For the purpose of this report we will class as paretics all those 
patients who have the serologic findings of the disease and show any 
mental symptoms whatever We feel that we are justified in doing 
this, for it has been our experience that there is not a single psychotic 

* Submitted for publication March 18, 1918 

* From the Laboratory of Internal Medicine, The Henry Phipps Psychi- 
atric Clinic, Johns Hopkins Hospital 
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manifestation which cannot be simulated by general paresis Thus, 
we have seen a patient in what was at first glance an acute catatonic 
condition, who had neither neurologic nor physical findings character- 
istic of general paresis, but who nevertheless showed positive serologic 
tests That this patient, William Brown, ^ a summary of whose case 
appeals toward the end of our report, was really a paretic, was proved 
by subsequent developments Again, we have frequently seen incipient 
cases whose complaints are mostl}’- neurasthenic and hypochondriacal 
We believe that too much stress cannot be placed on these subjective 
feelings and wish to emphasize the necessity of observing minor and 
apparently unimportant neurologic conditions, as well as the necessity 
of looking for the socalled “fraying of the personality,” in such 
instances The condition of a patient may not present anything strik- 
ingly abnormal to the examiner, 3fet when carefully interrogated, the 
relatives or friends may fumish conclusive proof of a gradual decrease 
of the patient’s efficiency and a diminution of his initiatne 

Three of the cases reported are essentially tabes with primarv 
optic atroph}’' The patients had practically no mental symptoms, 
except depressions reactive to the realization of their condition 

Syphilitic optic atrophy, an atrophy of the ner\ e-head, itself a con- 
tinuation of the cerebral parenchyma, would seem so closely allied to 
a degeneration of this parenchyma that we feel we are not going too 
far afield in including such cases in our senes We realize that the 
blindness tends to localize and neutralize the progressive degenerative 
factors We have taken into account this empirically well-known 
clinical fact, in deciding whether or not the patient was improved 

At this juncture we should like to describe our laboratory technic 
briefly Cell count, Pandy and Ross-Jones tests, are too well known 
to merit lestatement The Wassennann was run with the usual 
technic, using the antigens described by one of us - The colloidal 
gold solution was standardized according to the technic of Miller, 
Brush, Hammers and Felton ® We might remark that we agree 
with Felton^ in believing this test to be the result of a quantitative 
interrelation of the globulin and albumin of the spinal fluid Not a 
single spinal fluid giving a paretic curve was obsen'^ed among the two 
thousand fluids examined thus far, Avhich gave negative globulin tests 
We have been able to produce solutions of globulin manufactured from 
paretic as well as “luetic zone” and meningitic spinal fluids All such 
solutions give typical paretic curves 

1 All names are fictitious, and are chosen to indicate race or descent 

2 Neymann and Gager Jour Immunol, 1917, 2, 573 

3 Miller, Brush, Hammers and Felton Bull Johns Hopkins Hosp , 1915, 
26, 391 

4 Felton Tr Am Med Assn, 1917, p 73 
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Not an inconsiderable number of the paretic patients examined 
show negative blood Wassermann reactions, namely, twenty-nme out 
of a total of 126, or 23 per cent A few of these were afterwards 
controlled by the Hecht-Weinberg-Gradwohl modification'^ and about 
50 per cent were positive It is therefore evident that the widespread 
idea of a necessarily positive blood Wassermann in general paresis is a 
chimera 

We will now describe twenty-four cases treated by various methods, 
partly on account of special exigencies of the individual cases, partly 
because we wished to draw our own conclusions as to the best form 
of therapy (Tables 1 to 10, summarized and classified as to results 
of treatment in Table 11 ) 

At present the following forms of therapy are used 

The long-established mercury treatment combined with potassium 
lodid may be discarded as used alone It is, however, recommended 
by practically all clinicians as a valuable aid to the other forms of 
therapy 

Next to this in simplicity is the intravenous treatment This may 
sometimes produce results, as is best shown in the case of Mary 
Olafson, Table 1 We gave this patient, whose weight was but 102 
pounds, fifteen intravenous treatments, a total of 7 3 gm in eight 
weeks We thought we had found a simple and adequate way of 
influencing the serologic findings in the spinal fluid These ideas were 
dispelled when we applied the same method to another patient, Leonard 
Benson, Table 2, an incipient case, who showed fraying of the person- 
ality and who reacted to intraspinous salvarsanized serum,’’' with 
penneal parasthesias, and to biweekly injections of the diarsenol brand 
of arsphenamin with an acute arsenical neuritis, in addition to a slight 
arsenical rash Perhaps the use of this preparation, which we have 
come to view as a more toxic preparation than the arsenobenzol brand 
of arsphenamin or the salvarsan brand, was at fault, more likely, 
however, the patient was a victim of hypertherapy We believe that 
intravenous arsphenamin or its substitutes may help certain cases, but 
that the danger point is too near the optimum therapeutic 

The resistance of the choroid plexus and the meningeal blood 
vessels to the passage of arsphenamin and other chemical compounds 
of complex molecular structure has been demonstrated by McIntosh 
and Fildes’' and others One must take these organs by storm, so to 
speak, before one can hope to reach the Spirochaete paUidae buried 
in the depths of the cortex 

5 Gradwohl Jour Am Med Assn , 1917, 68, 514 

6 Serum obtained after intravenous treatment with arsphenamin or any of 
its substitutes IS denoted as arsphenaminized serum 

7 McIntosh and Fildes Brain, 1916, 39, 478 
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Intraspinous therapy with arsphenamized serum is undoubtedly 
useful, but we believe that the same objections apply to it as to the 
intravenous treatment, unless one wishes to use the usual Swift-Ellis 
procedure® and the modification of Ogilvie,® alternately once a week 
If arsphenamized serum is given every seven days in the manner 
described, great care must be taken to avoid bladder, rectal and other 
root disturbances We have seen serious disturbances of this nature 
in no less than six of our patients In three, the symptoms were tran- 
sitoiy and the patients finally recovered complete control of their 
muscles, with three the results were exceedingly regrettable, m that 
one developed a permanent and almost complete paraplegia, while the 
other two remained incontinent This factor is not to be lightly gone 
over and is a danger that is always present A patient may react well 
to five or SIX treatments and show subjective or objective bladder dis- 
tuibances with the seventh J W Brooks, Table 3, the above men- 
tioned paraplegic, amply illustrates this phase The serologic improve- 
ment IS apparent, and coincides with the arrest of deterioration Were 
it not for the root disturbances the disease would probably have been 
arrested after furthei treatment We have observed such more or 
less permanent motor root disturbances, as well as perineal and sacral 
anesthesias and parasthesias, after intraspinous mercurialized serum 

The reactions which one gets with mercurialized serum, prepared 
according to the Byrnes method^® are entirely different Here the 
immediate reactions are much more severe, yet, as stated, we have 
never seen a permanent injur)’- to the muscular or sensory innervation 
We believe, however, that little can be accomplished tending toward 
arresting the disease and changing the serologic findings by the use 
of this method alone John Hogan, Table 4, who received thirteen 
intraspinous mercurialized serum injections, totalling over one third 
of a gram of mercuric chlorid, will best illustrate this point Deteri- 
oration and death were not pi evented The serologic tests were not 
influenced Here we gave the maximum doses of one twenty-fifth of 
a grain We do not consider this high dosage as the most efficacious 
one for general use The reactions with most patients aie far too 
severe There really is an enormous amount of irritation, causing 
high temperatures, extreme pain, meningismus, nausea, etc We feel 
that a maximum amount of intensive treatment should and must be 
given, yet that this must not interfere to such an extent with the 
patient’s general health that it will lower his resistance 

The intraventricular treatment of Hammond and Sharpe^^ and the 

8 Swift and Ellis New York Med Jour , 1912, 96, S3 

9 Ogilvie Am Jour Syphilis, 1917, 1 , 509 

10 Byrnes Jour Am Med Assn, 1914, 63, 2162 

11 Hammond and Sharpe Jour Am Med Assn , 1915, 65, 2147 



TABLE 1 — Record of Treatments 

Mary Olafson, aged 22 Ward E2, El Admitted Jan 11, 1017 Discharged March 8, 1917 


Date 

Intra 

venous 

A.rsphen 

amm 

Intra- 

spinous 

S Serum, 
Oc 

Intra 
spinous 
M Serum 

Blood 

Wassermann 

Antigen 

0 Spinal Fluid Wassermann Antigen 

Cells 

per 

0 mm 

Globulin 

Colloidal 

Gold 

Reaction 

Reac 

tion 

Remarks 



C 

Ros'’ 

Jones 

Bandy 

A 

B 
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10 
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4 
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4 



4 



4 



10 


1+) 

5444320000 
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2/24 

05 
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0 
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2/27 

05 



0 
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SI 
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i 
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3/ 7 
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1 
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2 



2 

4 

4 
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Bloody fluid 

3/15 
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0 
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3/11 

05 



0 

0 
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SI 

1 

3/27 
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4 

4 

4 
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N 0 

(+) 

+ 

4433331000 
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* In this and the following tables 4 means 100 per cent fixation, 3 means 75 per cent fixation, 2 means 50 per cent fixation, etc ■ 
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TABLE 2 — Record or Treatments 

Leonard Benson, aged 51 Ward W3 Admitted Dec 13, 1010 Discharged April 10, 1917 



Blood 

Intra Wassermann 
spmous Antigen 

M Serum , 

A I B I C 025 106110 


C Spin il Fluid W issermann Antigen 


0 25 I 0 5 1 10 



Globulin 

Cells Colloid il 

per Ross Gold 

C inni Jones Bandy Reaction 


TO ++ + + + j 5555541210 

7S + H- + + + ! 5555')-13321 


1+ +1-+ 5533513210 


I 1555555531 


i- H + i- + 


1 - 1 - + + + 


I" i*+ 5555551120 


55551 13100 



Tonsillitis 


Incontinence 


Slight arsenic rn«h 
arsenical neuritis 


























TABLE 3 — Rlcord or Trcatmi nts 

1 W Brooks, URCil HO Ward W2, Wl Adniltlcd Auk 1010 DIseharKod Nov 2, 1917 


Date 

liitia 

venous 

Visphen 

ainin 

Intra- 
splnous 
b boiuni, 
0 c 

Inlia 

spinous 

M beiiitn 

Blood 

Wasseiiuann 

AntiKon 

0 Spinal Bluld Wassermann AnilKon 

Cells 

per 

C 111 III 

Globulin 

Colloidal 

Gold 

Beaetlon 

Beae 

lion 

BeniaiKs 

A 


0 

Boss 

ilones 

I’andy 

A 


0 

0 20 

0 0 

10 

0 20 
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1 0 
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10 
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1 1 h 
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0005001200 
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0000000 110 
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0 
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Incontinence a n d 
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TABLE 4 — RncoRD or TRnATMCsjTS 

John Hogan, aged 51 Ward W 3, 2, 1 Admitted Dee 19, 191C Discharged June 11, 1917 


Date 

Intra 

venous 

Arsphen 

amln 

Intra 
spinous 
S Serum, 
Oc 

Intra 
spinous 
M Serum 

Blood 

Wassermann 

Antigen 

0 Spin il Bluld Wascennnnn Antigen 

Cells 

per 

C mm 

Globulin 

Colloid U 
Gold 
Reaction 

Rcac 
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Remarks 

L _ ^ 1 

B 1 
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1 Ross 
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1 c 

1 
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12/22 




1 


■ 

1 



1 

i 

i 1 



Cl 

+ 

++ 

tx)330 13*210 



12/28 

02 



4 

4 I 

H' 





1 

1 1 

1 

1 

1 

! 

I 







1/18 



1/400 




1 



4 



^ 1 1 





0 

Bloody fluid 

1/25 



1/100 


i 

1 


1 



4 


1 

4 1 1 

, -'9 

+ + + 

' + + + 

3 1 

0 


* 1/31 



1/75 



H' 

1 



i 


1 

1 

‘ ! ! 

i 

33 

+ + f 

1 + + + 

55 )355-l 131 

SI 


2/ 7 



1/00 




1 



4 


1 

1 1 

1 

1 1 

I 

SO 

1- 

++ 

555 )j55500 

+ + 


2/15 


1 

1/50 


1 

1 

H 

D 

1 


i 1 

1 



' 1 1 


1 1 

21 

1-+ 1- 

+++ 

55 >555-1320 

SI 


2/20 



1/50 




B 



1 1 



1 

j 

t 1 

21 

+ }- + 


^">>5rN>oJ20 

SI 


3/ 1 


i 

i 

1/37 




D 



1 



1 

1 

1 1 

21 

1- 

++ 

tAXW K^iSlO 

SI 


3/ 7 

03 

1 

1/37 

4 

4 

H 

B 

1 


1 



1 

1 

1 





SI 

Bloodj fluid 

3/15 



1/25 




1 


1 

4 



i 

i 


11 

1- + + 


1555555521 

SI 


3122 



1/25 




1 



1 



4 



13 

++ + 

+++ 

5555511100 

SI 


3/29 



1/25 




1 

! 

i 

4 



1 



31 

+ + 

+++ 

5555555421 

SI 


4/ 5 



1/25 




1 



1 


1 

1 





! 


SI 

Bloody fluid 

4/12 

05 


1/25 

2 

4 

2 

4 



1 



4 



20 

+ 1- 

1-+ 

5535o5-1210 

SI 

Ritlcnt steadily dc 

6/11 





















tcriorated 




1 

1 

s 

4 



1 



1 








Died in a state hospl 





















i 

tal 2 months later 
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TABLE 11 — Data and Classification of Authors’ Ca.ses 


PROBABL\ \RRESTED 


No 

Name 

Diagnosis 

Present Chnical 
Status and 
Occupation ‘ 

Serologic 
j Tests after 
, Treatment | 

Duration of 
Present 
State 

1 

Wilhelm Sturdivant 

General paresis, 
cerebral type 

WeU, but m a | 
sanitarium i 

Practically 

1 negative 

12 months 

2 

William Brown 

Gleneral paresis, 
cerebral type 

Well, butcher j 

j Practically 
j negative 

15 months 

3 

Isaac Goldberg 

General paresis, 
cerebral type 

Well, tailor 

1 PractieaUy 
‘ negative 

14 months 

4 

James Kelly 

General paresis, 
focal type 

WeU, bookmaker | 

PracticaUy j 
negative | 

i 27 montns 

5 

Mabel Andrews 

Cerebrospinal 

lues 

Well, household 1 
duties 1 

Practically , 
negative i 

17 months 

1 

6 

1 

Mary Hitzel 

General paresis, 
focal type 

Well, household i 
duties 

Negative, ex ' 
eept atvpical 
gold curve ' 

1 6 months 

1 

1 

1 


IMPRO\ED 


7 

Mary Olafson 

Cerebrospinal 
lues, probably 
general paresis 

Whereabouts 

unknown 

Improved 

? 

8 

Tina Burroughs 

G^eral paresis, 
cerebral type 

At home 

Unchanged 

Being treated 

9 

Eichard Smith 

Taboparesis 

1 

Undergoing fur 

1 ther treatment 

Unchanged 

Being treated 

10 

Charles Green 

Taboparesis and 
primary optic 
atrophy 

At work, clerk 

Unchanged 

7 months 

11 

Samuel Rich 

Taboparesis and 
pnmary optic 
atrophy | 

At work, actor 

1 

Unchanged 

7 months 

12 

Carl Listcrman 

Tabes tnth 8th ' 
nerve Involvementj 

At home, works 

j 

Improved 

9 months 


UNIMPROraD 


13 

John Hogan 

General paresis, 
cerebral type 

Died 

Unchanged 

14 

Harry Blumenstein 

General paresis, 
cerebral type 

At work, clerk 

Unchanged 

15 

Fred O’Shay 

General paresis, 
cerebral type 

In state hospital 

Unchanged 

16 

Thomas Black 

Taboparesis and 
primary optic 
atrophy 

At home, in 
charge of nurse 

Unchanged 

17 

Frank O’Neil 

General paresis, 
cerebral type 

Died 

Unchanged 

18 

Thomas Sutton 

General paresis, 
focal tvpe 

At home, in care 
of family 

Unchanged 


HARMED 


10 

J W Brooks 

General paresis, 
cerebral type 

Paraplegia, in 
state hospital 

1 

Slightly 

improved 


20 

Ralph Fisher 

General paresis, 
cerebral type 

Died, July 4, l'^17 

Unchanged 


21 

Sidney McIntosh 

General paresis, 
cerebral type 

Incontinent, in 
state hospital 

Unchanged 


22 

Leonard Benson 

General paresis, 
cerebral type 

At home arsenic 
neuritis 

Unchanged 

i 

23 

Albert Haupt 

Tanoparesis and 
primary optic 
atrophy 

Diea, acute 
arsenic pois- 
oning 

Improved 

j 

J 

1 

24 

John Suderman 

General paresis, 
cerebral type 

Died in a convul 
Sion SIX days 
after a treatment 

Unchanged j 
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intradural Cotton^- methods are undoubtedly ver}’- praiseworthy The 
flow of the spinal fluid, as has been showm by Weed,^^ is toward the 
foramen of Magendie, starting from the ventricles and from the spinal 
canal A therapy embracing these anatomic-physiologic considerations 
IS tlierefore the most rational Yet our patients, fairly early cases, 
dread the necessary surgical procedures, besides we agree wuth Cotton^- 
who says “Gn en an early case of paresis W'e would say that the Swuft- 
Elhs method was as efficient as any” We furthermore believe that 
early cases are the only ones wffiich can be arrested, and that even 
could a more ad^anced case be arrested, the result achieved w^ould be 
regettable from the social aspect We have arrested one such case, 
Wilhelm Sturdivant (Table 5) The history follow^s 

Case 1 — -Wilhelm Sturdivant, aged 36, accountant, admitted lsla> 31, 1916 
Date of Infection — Chancre 1902, without secondaries, sporadic treatment, 
mercurj b> mouth 

Life History — Excellent educational opportunities, marned in 1908, happy 
marriage, two children, no miscarriages, efficient in business 

Onset of Psychosis — Marked irntabihtj in spring of 1912, easib’- provoked, 
homicidal episode There was no marked change until 1915, when he became 
rather inefficient and had to give up his work and loafed around, tnp to 
Europe on account of nervousness, no improvement Januarv, 1916, he 
attempted to work in a bank but had to give up the position in March, 1916, 
on account of 030 trouble and general inefficiency An examination disclosed 
a left Argvdl Robertson pupil At this time he was sent to a state hospital, 
where he remained until his admission to this Clinic, May 31, 1916 

Status on Admission — Rather agreeable, euphoric in regard to his illness, 
lack of judgment, was prone to hold long-winded pointless conversations, slur- 
ring speech, left Argvll Robertson pupil, right pupil sluggish, marked ataxia, 
tremor of tongue, knee and ankle jerks absent on both sides, anesthesia of 
both legs below the level of iliac crests, for serologic findings, see Table S 
Diagnosis — Taboparesis (moderateb advanced) 

Progress During Treatment — Showed no signs of irritability , sent home on 
Oct 23, 1916, where he remained in about the same condition, but had a ten- 
dency to meddle in household affairs Readmitted for further treatment Jan 
6, 1917 Speech had markedly improv^ed, general attitude had remained the 
same Sent home again Feb 23, 1917 Ambulatory treatment was giv’en until 
Alarch 17, 1917, then treatment was stopped because the spinal fluid became 
almost negativ e and the patient developed slight bladder symptoms The 
patient tned to hold several positions, but was discharged for his inefficiency 
April 25, 1917, he attempted suicide by gashing his throat wnth a razor, because 
he reahzed that he would not be able to hold a position commensurate with 
his social standing He was sent to a private institution, wffiere he has done 
fairly efficient work under gmdance No more bladder disturbances His 
mental condition remained stationary up to the time of this report 

Thus w e see a rather advanced, arrested case, in which the patient 
IS now a burden to himself and family 

Wilhelm Sturdivant was not treated according to what later became 
our routine procedure, that is, once a week with either intravenous 


12 Cotton Am Jour Insan , 1915 and 1916, 72, 125, 355 and 485 

13 Weed Jour Med Research, 1914, 31 , 21, 51 and 93 
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arsphenamm and intraspmous arsphenamized serum, or mer- 

curialized serum The details of this loutine are given below 

After the diagnosis is established, the patient is put on a routine 
course of mercurial inunctions and potassium lodid by mouth Care- 
ful attention is paid to mouth hygiene during the entire period of 
treatment We give these inunctions six days a week and a hot bath 
on the se\enth day, and give a saturated solution of potassium lodid 
beginning ^vlth 15 drops three times a day, and increasing one drop a 
day until the maximum of 150 drops a day is reached Usually furun- 
culosis IS noticed before this time, thereupon the lodid is discontinued 
for about a week, to be later recommenced at 15 drops three times a 
day 

Arsphenamm is given intravenously, beginning with 0 2 or 0 3 gm , 
according to the body \\ eight of the patient If the patient reacts badly 
to this initial dose, all treatment is discontinued and we make no 
further attempt to treat him We consider as serious reactions any 
signs of arsenical rash, neuritis, albuminuria, and marked circulatory 
disturbances , that is, syncopal attacks 

The next week the patient is gn en 0 5 or 0 6 gm of arsphenamm 
At the completion of the arsphenamm administration, 50 c c of blood 
are iMthdrawn into a sterile centrifuge tube, a lumbar puncture is 
made and the spinal canal is drained 

We are indebted to Dr Henr}^ A Cotton for this suggestion, 
believing, as he and Barbat^'* do, that this procedure partly o^ercomes 
the aforementioned resistance of the choroid plexus and meningeal 
\ essels to the drug It is mar-v elous how much fluid one can withdraw 
from the spinal canal of a paretic without causing the slightest dis- 
comfort, in fact, the more fluid withdrawn, the less reaction is likely 
to result We have -withdrawn as much as 80 c c at one time 

The next day the blood, which has been allowed to clot in the 
ice box over night, is centrifuged, poured into a second sterile centri- 
fuge tube, again centrifuged and mactn ated m a water bath, at 56 C 
for half an hour This o\ercomes the use of pipets, which, even vhen 
plugged with cotton, ahvays involve the danger of salivary con- 
tamination 

The third week %oo gram of mercury (Mulford’s mercurialized 
serum) is given mtraspmally Though we know by the work of 
Besredka^^ that animals can be sensitized to foreign protein by mtra- 
spmal injections, we have not found that this particular preparation 
causes reactions which might be interpreted as anaphylactic 

The fourth week, arsphenamm and arsphenamized serum are again 
gi\en as described 

14 Barbat Jour Am Med Assn , 1918, 70, 147 

15 Besredka Compt rend Soc de biol , 1910, 68, 1110 
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The fifth ^veek, grain of mercury is introduced in the spinal 
canal, provided the patient has theretofore sho^vTl no unfavorable 
reaction after the initial dose 

From now on the alternate treatment with arsphenamin and intra- 
spinal mercury proceeds regularly This is no dogmatic rule Each 
patient presents his individual problem and must be treated as a human 
being, not as a member of a group of cases 

We have arrived at this particular form of treatment from prac- 
tical as well as theoretical considerations If we hope to accomplish 
results, and by results wc mean clinical and serologic recoveries, we 
must use all the antisyphihtics at our disposal, being careful not to 
overdo the therapy as before stated 

Whenever a patient begins to evince signs of debilit}^ it is best to 
give him a complete rest and discontinue all treatment Whenever 
possible and practicable, we send such patients home After such a 
rest we were often surprised to find that patients who had shown no 
improvement during extensive and intensive treatment, suddenly 
became serologically negative of their own accord This “recuperation 
phase” IS well shown by William Brown, Table 6 His history follows 

Case 2 — William Brown, aged 29, butcher, admitted March 21, 1916 
Date of Infection — Possibly December, 1914, no history of secondaries, 
sporadic and unreliable treatment 

Life History — Passed third grade of public school, married November, 
1915, a girl who was three months pregnant by him , unhappy marriage on 
account of religious difficulties , fairly efficient as a butcher and delivery man 
Onset of Psychosis — December, 1915, the patient was found wandering 
aimlessly on the street at 3 a m , could not tell what he was doing and only 
cried, sat around at home for some time, but later, Februarj^ 1916, began 
to work March 14, 1916, he refused to eat or talk, stood in one corner of 
the room for six hours, and wandered aimlessly around the house saying, 
“I had sixty dollars Where are they at?” He remained in this condition, 
eating nothing and speaking only a few words, until his admission to this 
clinic on March 21, 1916 

Status on Admission — The patient lay quietly in bed, eyes open, seemed 
to notice people who came into the room but w'ould answer no questions He 
had to be tube-fed and cathetenzed , neurologic and physical status negative 
except for sluggish oial pupils Tentative diagnosis, catatonic reaction type 
For serologic findings, see Table 6 

Diagnosis — General paresis, cerebral type (early stage) 

Progress During Tieatinent — Tube-fed until March 24, 1916 Then the 
patient gradually became more and more responsive, treatments having begun 
March 30, 1916 More or less indifference was manifested until about the 
middle of April, 1916 From this time on he was normal He was discharged 
Aug 1, 1916 Readmitted for further treatment Sept 20, 1916 Serologic 
findings showed first improvement Discharged Oct 31, 1916 Readmitted 
Xo\ 12, 1916 Discharged Nov 26, 1916 Went to work at his old job 
Treated sporadically and ambulantly until July 23, 1917 Continued to work 
during this time At the time of this report he was earning as much money 
as before his illness and his mental and physical status was quite normal 
His pupils were round, regular and reacted promptly to light and accommodation 
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Reverting to our twenty-four cases and tabulating them (Table 11), 
we can divide these patients into four mam groups according to the 
results achieved Each of these groups embraces six patients, or 25 per 
cent of the total number 

The patients of the first group are all doing well and all except one. 
Wilhelm Sturdivant, whose history has already been given, have been 
discharged from the hospital and are at work The serologic findings 
of the spinal fluids of five of them are practically negative, except for 
slightly positive globulin tests and consequently a slight atypical change 
m color in the tubes of highei dilution of the colloidal gold One of 
them still shows strongly positive globulin tests and consequently an 
at 3 rpical paretic gold curve The blood Wassermann of two has not 
become completely negative 

We have found that it is possible to change the serologic findings 
of most patients who are given the intensive treatment outlined above 
Of course this change is not always permanent It is easiest to reduce 
the number of cells per cubic millimeter We have always observed a 
reduction of the cell count after repeated spinal punctures and thorough 
drainage of the spinal canal Consequently, a reduction of the cell 
count alone, unless at least a month has elapsed since the last puncture, 
is unimportant The Wassermann reaction can only be reduced to 
negative in the spinal fluid after long intensive treatment It is hope- 
less to expect a change until at least eight intraspinous treatments have 
been given Often there is no change until after the fifteenth or twen- 
tieth injection Therefore, a patient who has not had at least eight 
intraspinous treatments, at weekly intervals, can be said to have been 
inadeqmtely ti eated In successfully treated cases, traces of the luetic 
amboceptor usually remain, when double and quadruple the quantity 
of spinal fluid is used without increasing the other biologic reagents , 
that IS, complement, antigen, hemolytic amboceptor and sheep cor- 
puscles The colloidal gold curve is often changed , in so far that the 
first tube may show a more or less reddish tinge, similar to the color 
observed in typical meningitic curves We do not consider this a true 
change or improvement, since we have often seen it in patients who 
have again shown typical paretic curves after a respite from treatment 
It IS probably due to meningitic irritation, a consequence of the therapy 
A true change in the gold curve, such as is shown in five of the six 
cases of Group 1 (Table 11), can only be obtained after a maximum 
number of intraspinous treatments Even then it is not usual for the 
gold curve to revert to a completely negative reaction All this is in 
close conjunction with the positive or slightly positive globulin findings, 
which are encountered in practically all cases of cerebrospinal lues 
after treatment Such a trace of globulin may perhaps be regarded as 
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an irritation phenomenon, due to permanent changes in the injured 
parench}Tna and mesoblast 

We ha\ e alreadj given the clinical histones and serologic charts of 
Wilhelm Sturdn ant and William Bro^\ n We will now present those 
of the remaining four patients in the first group 

Case 3 — Isaac Goldberg, aged 43, tailor, admitted Maj 26, 1916 (Table 7) 
Date of hifccUon — Unknoivn 

Li/c History — Poorh educated, marned m 1898, happj marriage, one mis- 
carriage , SIX children In ing , two dead , efficient at his v. ork 

Onset of Psychosis — August, 1915, he began to be o%ertalkatne and became 
forgetful He vas unable to do efficient iiork, talked about making a lot of 
monei and the possibilitj'^ of becoming goiernor of the state, piled the house- 
hold garbage m heaps on the kitchen floor, attempted suicide bi turning on 
the gas 

Status on Admission — Variable swings ot mood, but on the whole, placid 
and euphoric, easib upset bj trifles, but soon laughed them away, no insight, 
speech and w nting intact , neurologic status normal , for serologic findings see 
Table 7 

Diagnosis — General paresis, cerebral tjpe (earlj stage) 

Progress During Treatment — Remained in about the same state, with gradu- 
al!} decreasing euphona and a gradual deielopment of insight Discharged 
Aug 29, 1916 Readmitted for further treatment Jan 17, 1917 Complained 
of headache, and had been unable to hold ^arlOus jobs Seemed clinically 
normal Discharged Feb 17, 1917 Went to work and from this time on did 
exceeding!} well, earned more monc} than he had preMousl}, because he 
learned to do cutting He had onl} one ambulant ^n^ra^enous treatment, since 
he felt well and was afraid of the pain during and after treatment 

This IS a treated patient vho is back at work and w'ho is not only 
socially possible, but actuall)’^ helps support his large family 

C'lSE 4 — ^James Kelh, aged 45, bookmaker and gambler, admitted Sept 2, 
1915 (Table 8 ) 

Date of Infection — Chancre in 1888, no treatment, no secondanes 
Life History — Moderate education , free and eas} life as a gambler and 
racetrack follower, abnormal!} free sex life, occasional sprees Marned m 
1913, happ} marnage, no children 

Onset of Psychosis — The patient had an epileptiform con^ulslon m Juh, 1913, 
and was unconscious for about twent} minutes Jul}, 1914, had another sim- 
ilar attack. Jan 22, 1915, he had a third attack and began taking iodids 
Jul} 14, 1915, he had a fourth attack and had an anterograde amnesia for 
e\ents for a penod of two weeks 

Status on Admission — Perfectly clear mentall} , good grasp on the situa- 
tion , no memor} defect , no speech or w nting defect , neurologic status normal , 
for serologic findings, see Table 8 

Diagnosis — General paresis, cerebral t}'pe 

Progress During Treatment — Continued normal and had no further con- 
nilsions, was back at his old work and doing well Dec 1, 1916 He has since 
been reported as still at work. 

Case 5 — ^Mabel Andrews, aged 42, admitted Apnl 3, 1916 (Table 9) 
Date of Infection — ^Unknown 

Life Hufor} —Excellent education, marned in 1904, happ} marnage, no 
miscarnages; effiaent in her household duties 

Onset of Psychosis— In 1913 the paUent had a condition desenbed by the 
husband as ‘ffilmd staggers” No headache but marked dizziness and “saw 
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double ” The attacks lasted a few seconds over a period of two to three weeks 
At the beginning of February, 1916, the patient became overanxious about an 
invalid sister Feb 19, 1916, she became dizzy, said her “head felt funny” 
and that she “was going crazy”, w'ept and asked incessant questions about 
trivial matters There w^as an amnesia for these few days of confusion 

Status on Adnusstou — Overtalkative and euphoric, memory for dates very 
poor, retention good, calculation and general information poor, marked lack 
of personal cleanliness, insight good, speech and writing unimpaired, pupils 
regular, right pupil markedly sluggish to light, left less so, right knee-kick 
practically absent, left unimpaired, no sensory changes For serologic find- 
ings, see Table 9 

Diagnosis — Cerebrospinal lues, probably beginning parenchymatous process 

Progicss Duiing Treatment — The patient gradually became querulous and 
depressed, show^ed marked and unfounded dislike for certain persons Dis- 
charged klay 29, 1916 Readmitted June 21, 1916 The serologic findings, 
wdnch had been inarkedlj improved, w'ere again more positive Finally dis- 
charged Aug 9, 1916 She w^as given eight or ten further treatments in 
another city and w'as reported as doing well, Oct 22, 1917 All mental symp- 
toms had disappeared and the serologic findings of the spinal fluid were reported 
negative (Table 9 ) 

There is some doubt whether we are here dealing with a pure case 
of cerebrospinal syphilis or with a case that shows a beginning paren- 
chymatous involvement As just such cases ought to have the benefit 
of immediate treatment, we have included her m our series 

Case 6 — Alarj'' Hitzel, aged 35 , housekeeper for father , admitted April 
27, 1917 (Table 10 ) 

Date of Infection — Chancre in the spring of 1908, well marked secondaries 
tw'o months later, good and regular treatment with mercury for five years, 
arsphenamin, one dose in 1915 and two doses in July, 1916 Very intensive 
treatment in the dispensary of this hospital from Feb 2, 1917 (See Table 10 ) 

Life Hist 01 y — Passed fourth grade of public school Married in 1907, 
unhappy marriage, cruel treatment, syphilitic infection derived from husband, 
divorced in 1910, efficient housekeeper 

Onset of Psychosis — Began feeling drowsy in 1915, headaches and cramp- 
hke pains in bodj , November, 1916, had paresthesias over whole left side of 
body and slight ataxia in arms 

Status on Admission — Mood unimpaired, no memory defect, retention poor, 
partial insight, speech stumbling and sticking, both pupils react sluggishly to 
light, knee and ankle jerks hjperactive, Babinski on right side, hemi-anesthesia 
of left side of body For serologic findings see Table 10 

Diagnosis — General paresis, focal tvpe (early stage) 

Piogicss Duiing Treatment — Patient's mood continued normal, insight 
improved, paresthesia and anesthesia disappeared entirely, speech unimproved, 
neurologic findings unchanged , discharged July 26, 1917 The patient reported 
several times at the dispensary and was doing quite well, attending to her house- 
hold duties at home 

The second group is less satisfactory as far as clinical and serologic 
results are concerned The case of Mary Olafson (Case 7, Table 11) 
IS typical of the final status The method of treatment is not typical 
In all other cases it was of the usual kind, as outlined Two cases, Tina 
Burroughs and Richard Smith (Cases 8 and 9, Table 11), are still 
undergoing treatment Charles Green and Samuel Rich (Cases 10 and 
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11) are at work and doing ell Their sight, decreased to about 20/200 
as a result of primar)’- optic atrophy, has not grown worse Carl Lister- 
man (Case 12), ^^lth marked tabes and absolute deafness on account 
of eight ner\e involvement, is doing some work as a huckster and 
market messenger 

The patients of the third group are clinically and serologically 
unimproved John Hogan (Case 13, Table 4), whose serologic chart 
has been shown, is t}’pical of this group Harr}’- Blumenstem (Case 
14), a clerk, is at work, having been discharged from the hospital w’lth 
status unchanged His improvement is probably due to a simple 
remission 

The last group is ^ery interesting All these, patients ha\e been 
more or less harmed by the treatment The status of J W Brooks 
(Case 19), wdio graduall} developed a paraplegia, after the ele^entb 
intraspinous injection, haMng previously had ten treatments without 
serious reactions, remains unchanged Directly after the injection the 
patient complained of extreme pain The next da}, follow’ing a pri- 
mar}’ retention of urine, incontinence de\ eloped and w’lthin a w’eek the 
control of the anal sphincters was also lost The patient w’as able to 
get out of bed and w alk a little three or four days after the treatment, 
but the strength of the muscles of his legs gradually decreased and 
after a month had elapsed the paraplegia w'as almost complete Later, 
this condition improied somewdiat, but he ne\er w’alked again The 
table illustrating his serologic findings has already been shown (Table 
3) Ralph Fisher (Case 20) and Sidney McIntosh (Case 21) became 
incontinent The former de-* eloped this condition after three intra- 
spinous treatments, the latter after the second treatment Fisher was 
subsequently gu en an lntra^ entricular treatment of 25 c c of arsphen- 
amized serum This did not arrest the progressive character of the 
disease and he died five months after admission to the hospital 
McIntosh was treated intravenously six times after the development 
of bladder symptoms No clinical or serologic changes resulted He 
was sent to a state hospital Leonard Benson (Case 22) dev’eloped a 
marked arsenic neuritis as has already been stated Albert Haupt 
(Case 23) first showed a marked arsenic rash, then nephritic symptoms 
and finally died of arsenic poisoning seventeen days after the seventh 
intravenous treatment The blood picture w as that of a typical aplastic 
anemia with extraordinary leukopenia The necropsy show^ed typical 
liver and kidney degenerations Both patients were treated w’lth the 
diarsenol brand of arsphenamin, as w’as another, not included in this 
series, w’ho also dev’eloped an arsenic rash John Sudermann (Case 24) 
died in convulsions six days after an intraspinous treatment This 
death is probably due to the convulsion, which in turn is probably a 
simple manifestation of the disease On the other hand, the possibility 
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exists that it can be connected with the treatments For this reason 
we ha\ e included him in our last group 

It IS probable that the poor results obtained with the patients of this 
last group can be partially overcome by the careful use of arsenic prep- 
arations other than the diarsenol brand No further case of arsenic 
poisoning has occurred The danger of motor and sensory root dis- 
turbances cannot be entirely avoided, yet this difficulty is outweighed 
by the excellent results obtained with 25 per cent of our patients 

Such results would appear worth while In reviewing the reports 
of some of the workers m this field, such as those of Fordyce,^® 
Ogilvie,® Walker and Haller,^' Draper,^® Stoner,^® Byrnes,^® Cotton, 
Cutting and Mack,-° Riggs and Hamnies,-^ Tilney,"^ Gaines,-® Ams- 
den®^ and others, we have found onty eight cases of treated general 
paresis and cerebrospinal syphilis in a total of several hundred, 
reported serologically negative Moreover, the majority of these 
writers belie\e that it is useless to treat general paresis We believe 
that the results obtained by us are due to long-continued intensive 
treatment, as ivell as to our special method of application Further- 
more we belie\e that every case of general paresis, in the early stages 
of the disease, ought to be gnen this “fighting chance” of recovery 
We feel absolutely certain that the large percentage of clinical recov- 
eries and the serologic results exclude the possibility of the recoveries 
being due to simple remissions, m the old sense of the wmrd We are 
not certain that our patients wnll remain in their present state indefi- 
nitely, but even if all of them should relapse, w’^e feel that our efforts 
have not been in vain and that the patients and the community ha\e 
benefited 

SUMMARY 

Tw^enty-four cases of general paresis, treated according to our 
method, alternately once a week with arsphenamin serum and mer- 
curialized serum are described 

Six patients w^ere so markedly improved that five of them were 
able to resume their occupations All of them gave practically nega- 
tive serologic findings The average duration of the present status is 
fifteen months We consider these are arrested cases 

16 Fordjce Jour Am Med Assn, 1917, 68, 1482 

17 Walker and Haller The Archu'es Int Mev , 1916, 18 , 376 

18 Draper Jour Am Med Assn, 1916, 66, 400 

19 Stoner Cleveland Med Jour, 1916, 15 , 238 

20 Cutting and Mack Jour Am Med Assn, 1914, 62, 903^ 

21 Riggs and Hammes Jour Am Med Assn, 1914, 62, 1277, Ibid, 1917, 
68, 194 

22 Tilney Long Island Med Jour, 1914, 8, 122 

23 Gaines Jour Georgia Med Assn, 1915 and 1916, 5 , 105 

24 Amsden Jour Nerv and Ment Dis , 1916, 43, 265 
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Six Others were somewhat improved, four resummg their occupa- 
tions, while two are continuing their treatment All of these were 
somewhat improved serologically 

Six showed no clinical or serologic improvement, except in one 
case This is undoubtedly a clinical remission, the serologic status 
remained unchanged 

The last six \vere harmed by the treatment One de\ eloped a 
paraplegia, two became incontinent, one died of acute arsenical poi- 
soning and one developed an arsenic neuritis, finally, one died in 
comulsions, possibly as the result of the treatment 

Wiene\er the serologic findings tend to become negatne, they 
usually change in the follownng order and manner 
The cell count is first reduced to normal 
The Wassermann reaction then becomes negative 
The paretic colloidal gold cuiw^e changes to an atypical or nega- 
tne one 

The globulin tests became less marked, but traces of globulir 
usually remain 

Iwenty-three per cent of all the paretic patients examined in this 
clinic show negatne blood Wassermann reactions 
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B^SZ HOSPIT^X, C^:i? UPTON, 

E\en a casual observation o£ the cases of empyema v,hich have 
appeared in the Base Hospital at Camp Upton during the past i-ter 
and spring shov.s that v.e are dealing for the most part vrith an 
altogether different tjpe of this disease from that to v.hich vre are 
accustomed The verj’ early appearance of this complication in the 
course of pneumonia its unusual Dacteriolog}* and the '.ery^ high mor- 
tality Vihich accompanies it, even under favorable conditions are the 
most striking and important variations Qoser stud} indicates a 
different tram of symptoms certain alterations in physical signs and 
a modified pathologic picture, while operative procedures which 
when resorted to in ordinarv' empyemas giv'e almost uniformly good 
results, hav e in this epidemic oeen attended by so high a death rate as 
to cause both physician and surgeon to question seriously their advisa- 
bility, value and type 

In view of these deviations irom the usual in this frequent can- 
tonment infection, a close study of all cases was imperatr e In this 
problem it was at once apparent that closely associated laboratory and 
clinical methods must be constantly applied, and a large portion of 
the work of the medical and laboratoity^ staEs of this hospital has been 
devoted during the past winter, to this insistent problem This study 
has been a conjoint clinical and laboratory one far more than is 
usually the case, for it has been found absoluteh’^ necessaiy that the 
laboratoity staff follow the clinical aspects of the cases, even to the 
point of studying the physical signs and a proper clinical comprehen- 
sion of the individual case has been foimd inseparably connected with 
the work in the laboratoity 

Analysis of the clinical picture and the laboratoiy findings soon 
showed us that we were dealing with a speanc and vdrulent infection 

* Submitted for publication 18 1918 





TABLE 1 — Data or Emi^yi ma Casi s 


No 

Type 
of Pneu 
monla 

Onset 

of 

Empyema 

Typo of Organism 

Blood 

Oul 

turo 

Tieatment 

Termination 

Post Mortem Findings 

Sputum 

Pleural 

1 

Sec infl 

1/10-1/10 

Pn If 

Pn II 


Aspir ition 

Died 1/17/18 


2 

Primiry 

1/ 9-1/11 

Pn I 

Pn I 


Resection 

Recovciing 


3 

Sec Infl 

12/15-1/ 1 

Pn I 

Pn I 


Resection 



i 

Sec Infl 

12/18-1/ 1 

Pn I 

Pn I 

Nog 

Resection 

Duty 2/19/18 


6 

Sec pleur 

3/15-3/22 

Pn II 

Pn II 


Resection 

Conv alcseent 


0) 

Primary 

3/22 

Pn II 

Pn II 


No record 

Ditd 3/20/18 

Lobar pn , L U ind LRU, 









emp It 

V 


2/ 1-2/22 

Pn If 

Pn II 

Pn II 

Thoracotomy 

Duty 


8 

Sec infl 

3/ 7-1/ 8 

Pn IV 

Pn IV 


Resection 

Prognosis (?) 


0 

Primary 

3/20-3/30 

Pn IV 

Pn IV 


No record 

Died 1/3/18 

Lobar pn , rt bilat , emp sacc 

10 

Sec mitral 

l/‘ 

Pn IV 

Pn IV 

Pn IV 

No record 

Died 1/10/18 

Lobar pn , L L L and Rt D , 


atenosis 







emp It , veg endocarditis, 









infarcts in It lung 

11 

Sec mil 

12/25-1/ 1 

Pn IV 

Pn IV 


No retold 

Duty 1/3/118 


12 

See bron 

3/18-1/ 2 

Pn IV 

Pn IV 


Resection 

Prognosis (?) 


13 

Primary 

3/13-1/ 6 

Pn IV 

Pn IV 


Resection 

Prognosis (?) 


11 

Primary 


Pn II 

Pn IV 


Resection 

Convalescent 


15 

Primary 

1/ 0-1/14 

Pn IV 

Pn IV 


Aspiration 

Died 1/11/18 


10 

Primary 

2/ 7-2/21 

Strep haem 

Strep haem 

Nog 

Resection 



17 

Primary 

3/12-3/13 

Strep haem 

Strop haem 

Nog 

Resection 

Died 3/23/18 

Bronchopn , cinp sacc rt ab 









sccsscs in rt lung flbrinopur 

IS 

Primary 

3/18-3/30 

Strop haem 

Strop haem 

Ntg 

Resection 

Convalescent 

pericarditis 

19 

Prim iry 

3/ 3-1/ 1 

Strep liacin 

Strep haem 


Aspiration 

Died 1/12/18 

llronclionpn , crap rt sacc 

20 

Primary 

3/13-1/ 3 

Strep li lein 

Strop haem 


Resection 

Convalcsctnt 


21 

Primary 

3/30-1/ 1 

Strop li icm 

Strop haem 


Aspiration 

Died 1/2/18 

lironcliopn emp It L L L 

22 

Primary 

3/12-3/21 

Strep haem 

1 Strep liiicm 


Resection 

Conv descent 

acute flbrino ptricarditis 

23 

Sec bron 

3/25-3/31 

Strep lioora 

Strop Iiacm 


Rtstctlon 

Prognosis (?) 


21 

Primary 

1/ 5-4/ 0 

Strep liaem 

Strop haem 


Aspiration 

Died 1/10/ia 

1 lironcliopn It oinp U f lib 

25 

Primary 

3/29-1/ 2 

Strop haem 

Strop haem 

Ncg 

No record 

Died 1/3/18 

rlnous porlcardltia 

Bronchopn , (intorst ) emp It 

20 

See bron 

1 3/ 9-3/20 

j Strop hnem 

Strep liactn 


Iltsoctlon 

Convaltsecnt 
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27 

Primary 

3/21-1/ 0 

Strep haem 

Strop haem 


Ecscctlon 

Convalescent 


2S 

Sec measles 

3/26-1/ S 

Strep haem 

Strop haem 


Aspiration 

Died 1/11/18 

Lob pn rt lobe, emp rt 






snee , emp It 

29 

See bron 

3/16-3/17 

Strep haem 

Strop haem 


Resection 

Died 3/18/18 


SO 

See bron , 
pharyngitis, 

G me isles 
Primary 

1/ 7-1/17 

Strep haem 

Strep h rein 


Resection 

Convalescent 


31 

3/ 4-3/ 5 

Strep haem 

Strop liaom 


RtsccUon 

Died 3/6/18 

I obar pn left lung, emp It , 





central pn rt lung 

32 

Sec mil 

3/ 6-3/ 9 

Strop haem 

Strep haem 


Resection 

Died 3/10/18 


33 

Sec measles 

3/24-1/ 7 

Strep h lem 

Strep haem 


Resection 

Convalescent 


U 

Primary 

3/6 

Strop h,icm 

Strop haem 


No record 

Died 3/S/lS 

Lobar pn L L L , emp it , 
mult abscesses of lung 

33 

Primary 

12/25-1/ 6 

Strep haem 

Strop hnein 


Aspiration 

Died 1/17/18 

Bronchopn It (interst ) emp 




it , librinopur peric irditis 

36 

Primary 

3/ 1-3/ 3 

Strop hiem 

Strep haem 


Resection 

Died 3/3/lS 

Lobar pn R L L abscess of 





lung, ernp rt 

37 

Primary 

3/11-3/15 

Strop haora 

Strep haem 


Resection 

Died S/19/JS 


38 

Primary 

2/18-2/20 

Strep haem 

Strep haem 

Nog 

Resection 

Died 3/27/lS 

Lob ir pn L L L , emp It , 
Dneumothorax It infarcts of 









spleen 

39 

Sec infl 

3/ 7-3/10 

Strep haem 

Strep haem 

Strep 
b lem 

Resection 

Conv rlcsccnt 


10 

Sec mumps 

2/11-2/23 

Strep haem 

Strep haem 

Nog 

Resection 

Convalescent 


11 

Sec Infl 

1/2S-2/11 

Strep haem 

Strop hrom 

Ncg 

Resection 

Died 2/21/18 

Bronchopn R L L , lobar pn , 





L U L , emp rt 

12 

Sec infl 

3/ 5-3/ 5 

Strep haem (?) 

Strep h lom 


Resection 

Died 3/11/18 


13 

Primary 

2/ 4-2/ 9 

Strep haem (?) 

Strop haem 


Resection 

Died 3/12/18 

Brocliopn rt lung (interst ) 




tvpc, librinopur pericarditis, 
emp rt 






11 

Sec mumps 

3/7 3/7 

Strop haem (?) 

Strep haem 


Rchcetion 

Died 3/9/18 

Lobar pn R L L , emp rt 
sacc , librinopur peiicarditis 
Bronchopn bilat , crap bilat 
sacc 

Sarcoma testes and lung, bron 

15 

Primary 

3/ 8-3/ 8 

Strep haem (?) 

Strep haem 


Resection 

Died 3/10/18 

16 

Sec pharjn 


Strep inom (?) 

Strop hiem 



Died 






chopn , emp It , acute general 
peritonitis 




47 

Primary 

1/11-1/16 

Strep haem 

Strep h icm 


Aspiration 



IS 

Sec tonsil 

1/ 5-1/ 6 

Strep haem (?) 

Strep h lom 



Died 

Bronchopn bilat , emp It 






sacc , llbrinoporicarditis 

19 

Primary 

I/17-1/-0 

Strep haem 

Strep liacm 

Neg 

‘Vbjiirrtion 

Died 1/21/18 


50 

Primary 

t/17-1/21 

Sticp hiem (?) 

Strep haem 


No record 



51 






Resection 

Convalescent 


52 

Primary 

1/ 1-1/20 

Strep virid 

Strop virid 


Incision 

Duty 


53 

Primary 

3/15 

Strop ririd 

Strop virid 

Strep 

virid 

No record 

Died 3/30/18 

Bronchopn it lung, lob ir pn 
L L L , emp It sacc , acute 
strep meningitis 

Bronchopn (interst ) rt L L , 

51 

Prlmarj 

1/ 8-1/ 1 

Strep virid 

Strep virid 


No record 

Died 1/11/18 






Died 2/3/18 

emp rt sacc , librinopur 
pericarditis 



55 

Primary 

1/12-1/21 

Strop virid 

Strep virid 

Ncg 

No record 

Bronchopn (interst), emp rt 









sacc , librinopur pericarditis 
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TABLE 1 — -Data of Empyema Cases — Continued 


• ■ — ■ 

Type 

Onset 

Type of Organism 

Blood 



Post Mortem Findings 


of Pneu 

of 



Oul 

Treatment 

Termination 





monia 


Sputum 

1 Pleural 

ture 




EG 

Priimry 

12/15 

Pn II 

Strop vind 


No record 

Died 12/29/17 

Bronchopn and lobar pn 
(bilat interst), emp It, 

mult abscesses of lungs 


B7 

Sec infl 


Pn II 

Strep haem 


No record 

Died 2/11/18 

58 

1 

Sec mil 

1/ 3-2/14 

Pn II 

Strep Inem 


Resection 

Prognosis (?) 


59 

Sec tonsil , 
bronch (?) 

1/21-2/17 

Pn III 

Strep haem 


Resection 

Recovering 


GO 

Sec infl , 
pharyn 

1/18-1/20 

Pn IV 

Strep haem 


Resection 

Died 1/28/18 


01 

Primary 

12/22-1/20 

Pn IV 

Staph aurcs 

fJeg 

Resection 

Died 2/11/13 


C2 

Sec bron 

12/21-12/29 

Pn IV 

Sticp virid 


No record 

Died 12/21/17 

Bronchopn and lobar pn 









(interst ), emp sacc rt , 
Ilbrlnopur pericarditis, mnlt 

03 

Primary 

1/22-2/18 

Pn IV 

Strep haem 

Ncg 

Resection 

Convalescent 

ibsccsscs of rt lung 

04 

Primary 

3/4 

Pn IV 

Strep haem 

Nog 

Resection 

Died 3/13/18 

I obar pn It lung and rt L 

65 

Sec mumps 

1/20-2/19 

Pn IV 

Strep haem 


Resection 

Convalescent 

L , emp rt 

00 

Sec measles 

12/0-1/27 

Pn I 

Sterile 


Resection 

Convalescent 


07 

Sec mfl 

3/27-3/30 

Pn I 

Sterile 


Aspiration 

Died 4/1/18 


08 

Sec pleunsy 

2/ 0-2/20 

Pn II 

Sterile 

Ncg 

Resection 

Died 3/15/18 


69 

Primary 

2/20 

Pn II 

Sterile 

Ncg 

No record 

Died 3/3/lS 


70 

Sec measles 

12/1&-1/ 3 

Pn III 

Sterile 

Ncg 

Resection 

Died 3/5/18 

General miliary T B , lobar pn 

71 

Primary 

1/30-2/25 

Pn IV 

Sterile 


No record 

Duty 4/7/18 

It lung, emp It 

72 

Primary 

3/30^/ 9 

Pn IV 

Sterile 


No record 



73 

Primary 

1/ 3-1/25 

Pn IV 

Sterile 


Resection 

Died 1/21/18 


74 

See bron 

3/ 7-3/11 

Pn IV 

Sterile 


\spirntion 

Duty 


75 

Primary 

3/21-3/23 

1 Pn IV 

Sterile 


Aspiration 

Convalescent 


V6 

Sec bron 

3/11 

Strep haem 

Sterile 


No record 

Died 4/19/18 


77 

Primary 

4/ &-4/15 

Strep haem 

Sterile 


No record 

Convalescent 


78 

Sec scarlet 

3/30 

Strep haem 

Sterile 


No record 



79 

Sec bron 

1/ 7-1/14 

Strop virid 

Sterile 


Resection 

Died 3/3/18 


80 

1 Sec Infl 

1 3/12-3/17 

1 Strep virid 

Sterile 

Ncg 

Resection 

Duty 4/22/18 
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by an organism which is rarely encountered m civil infections of the 
lung and pleura In most of these cases the organism m question — 
the so-called Su eptococcus haemolyticus — has been the causative 
agent, not only of the emp) ema, but of the pneumonia associated with 
it The relation between streptococcus pneumonia and the incidence 
of empyema is well shown b}" a comparison of the different types of 
pneumonia which ha\e been encountered at Camp Upton 

During the period from Oct 7, 1917, to April 20, 1918, 300 cases 
of pneumonia were admitted to the Base Hospital at Camp Upton 
Of the 300 pneumonias, 283 had careful bactenologic examinations 
of the sputum , 136, or almost half, were found to be of streptococcus 
origin, and 137 were caused by the pneumococcus There were 49 
cases of streptococcus empyema, showing an incidence of empyema 
among the streptococcus pneumonias of 36 per cent On the other 
hand, there were only 15 cases of pneumococcus empyema, or an 
incidence of empyema among the pneumococcus cases of 11 per cent 
Finally, there were 15 cases of sterile empyema about equally divided 
between streptococcus and pneumococcus pneumonia Altogether, our 
records show for this period, 80 cases of empyema, and these 80 cases 
form the basis for this study 

Before preceding to the discussion of empyema proper it might be 
v'ell to refer briefly to the relation of measles to this disease In some 
of the other camps a large percentage of the empyemas, especially 
those of streptococcus origin, have developed as a complication of post- 
measles pneumonia Such has not been the case at Camp Upton In 
the first place, a comparatively small number of our measles patients 
ha\ e developed pneumonia — thirty out of 164 cases, w'lth a mortality 
list of but twm Furthermore, only four cases of empyema ( Cases 28, 
33, 66 and 70) have developed among these thirty pneumonias, and 
of these only two patients died By referring to Table 1, however, it 
will be seen that a considerable number of the empyemas developed in 
pneumonias W'hich follow’^ed influenza, tonsillitis and other mild infec- 
tions We are quite certain, however, that streptococcus empyema 
may de\eIop from a primary streptococcus pneumonia Two of the 
pneumonia cases w^hich followed mumps (Cases 40 and 44) were com- 
plicated by empyema, both of these being streptococcus infections 

In this study special attention has been devoted to the bactenologic 
examination of the cases In most instances direct specimens of the 
patients’ pleural exudate were collected as soon as the diagnosis was 
made, and taken to the laboratory at once for examination The bac- 
tenolog)’- of the sputum w^as carried out as follows • A fresh specimen 
of sputum was thoroughty washed with stenle saline and smears 
made for the gram stain The sputum was then emulsified and 0 5 c c 
added to a tube of Avery’s blood broth, which w^as incubated in the 
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water bath at 37 C for five hours At the end of this time smears 
were made and if a pure culture was found agglutination tests were 
made at once in the usual manner Under all conditions, however, 
subcultures were made from broth or plain agar plates and colonies 
were picked from these on the following day for further study In 
many cases the blood broth method was controlled by injections of 
the sputum into the mouse and identification of the organism was 
determined from the peritoneal exudate or the heart’s blood In a 
few instances cultures of the sputum were made directly on blood agar 
plates The results obtained by the various methods have been sur- 
prisingly consistent 

TABLE 2 — Classification of Eighty Empyemas 



Cases 

Deaths 

I Pneumococcus in both sputum and pleural exudate 



Type I in both 

S 

0 

Type n in both 

4 

2 

Type IV in both 

0 

2 

Type n in sputum, Type IV In pleural exudate 

1 

0 

Sputum not examined, Type IV in pleural exudate 

1 (?) 

1 


15 

5 (33%) 

II Streptococcus in both sputum and pleural exudate 



Strept hemol m both 

29 

1C 

Sputum not examined, strept hemol in pleural exudate 

7 (?) 

C 

Strept Yirid in both 

4 

3 


40 

25 (C07e) 

ni Mixed mlectiouB 



Pn Type II m sputum, strept vir in pleural exudate 

1 

1 

Pn Type II in sputum, strept haem in plural exudate 

2 

1 

Pn Tjths ni m sputum, strept haem m pleural exudate 

1 

0 

Pm TjTie TV m sputum, strept haem in pleural exudate 

4 

2 

Pn Type IV in sputum, strept vir in pleural exudate 

1 

1 

Pn Type lY m sputum, staph aur in pleural exudate 

1 

1 


10 

C (00%) 

IV sterile empyemas 



Pn Type I sputum 

2 

1 

Pn TjTie n sputum 

2 


Pn Type III sputum 

1 

1 

Pn Type IV sputum 

5 

1 

Streptococcus haemolyticus 

3 

1 

Streptococcus vindans 

2 

1 


15 

7 (507o) 


CLASSIFICATION OF EMPYEMAS 

By referring to Table 2 it will be seen that our eighty cases of 
empyema naturally fall into three groups (1) pneumococcus empy- 
emas, (2) streptococcus empyemas, (3) sterile empyemas These 
three groups will be discussed separately 

1 Pnenmococcns Empyemas — In the present senes of eighty cases 
there were only fifteen that showed the pneumococcus from culture of 
the pleural exudate These pneumococcus empyemas differed in no 
essential respect from those seen in civil practice Without exception 
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they developed in cases of lobar pneumonia in which the pneumococcus 
had been previously isolated from the sputum This type of empyema 
usuall}’- comes on late m the course of the disease when the patient is 
convalescent There is a sudden rise in temperature and a corre- 
sponding increase in pulse rate The patient, however, may not be very 
ill Frank signs of fluid are usually present and on exploring the 
chest over this area cloudy or creamy pus is withdrawn which on 
examination shows many pus cells and capsulated pneumococci 

Pneumococci of Types I, II and IV are all represented in this 
group, and in all except one case the same kind of pneumococcus was 
found in both sputum and pleural exudate In this case (Case 14) 
pneumococcus Type II, atypical, was isolated from the sputum, and 
pneumococcus Type IV from the pleural fluid Of this group of fif- 
teen cases, five patients died, a mortality of 33 per cent One patient 
(Case 10) developed a pneumococcus endocarditis and septicemia 
One of the Type II cases (Case 7) on blood culture showed twenty- 
four colonies per cubic centimeter of blood, but the patient made an 
excellent recovery after rib resection and drainage This patient 
showed a curious metastatic focus, a perithyroid abscess In the fatal 
cases of this group the men all died early in the disease apparently 
from the intensity and extent of the pneumonia rather than from the 
concomitant empyema 

2 Streptococcus Empyemas — By far the largest number of our 
empyema cases were streptococcus infections, and it is this group that 
constitutes the most interesting phase of the problem For con- 
venience of discussion it will be well to divide this group into three 
subgroups 

(a) Streptococcus haemolyticus empyema 

(&) Streptococcus vvtidans empyemas 

(c) Streptococcus empyemas following pneumococcus pneumonia 

(a) Sti eptococcus Haemolyticus Empyemas In this group there 
were twenty-nine cases in which Sti eptococcus haemolyticus was 
recovered in pure culture from the empyema fluid and m which bac- 
teriologic examination of the sputum showed the same organism 
There were seven other cases in which the hemolytic streptococcus 
was recovered from the pleural exudate, but in which for some 
unavoidable reason the sputum was not examined In these seven 
cases, however, the clinical course and physical signs strongly indicated 
a streptococcus pneumonia, so they probably belong to this group 
These thirty-six cases constitute a fairly definite and characteristic 
picture The patient who often gives a history of some recent infec- 
tion of the upper respiratory tract is admitted to the hospital complain- 
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mg of cough, fever, and occasionally pain in the side The onset, as 
a rule, is gradual, though it may be very sudden Many cases are 
admitted with a diagnosis of influenza or bronchitis The cough is 
usually dry m character and is often entirely absent, a feature which 
makes it difficult or impossible to collect a satisfactory specimen of 
sputum The sputum itself is rather characteristic It is usually of a 
white or 3 ’-ellowish color, quite viscid and mucopurulent The rust}’’ 
or hemorrhagic sputum of lobar pneumonia is rarely seen The fever 
usually runs an irregular course, and considerable febrile periods 
succeeded by rapid oscillations, as in an actue sepsis, appear at the 
onset The pulse is comparatively slow m this early stage of the 
pneumonia, but is in proportion to the temperature The respiratory 
rate is, however, proportionately high throughout Pain in the side 
IS a very inconstant symptom and when present is an additional cause 
of the inspiratory distress Inspirator}^ pain is not usually long con- 
tinued and few patients have required strapping or opiates because 
of it 

Physical Signs Befoie Onset of Empyema — The physical signs 
before the onset of empyema are often indefinite On percussion, 
areas of dulness may or may not be present at first Moist crackling 
rales are nearly always to be heard, at times confused with the pleuritic 
friction rub, but typical bronchial voice and breathing are rather 
unusual signs at the onset of the pneumonia More often the voice 
and breath sounds are faint Furthermore, one must say that there 
are few distinctive signs or symptoms at the onset of the pneumonia 
which serve to differentiate cases which subsequently develop empy- 
ema from those that do not 

Physical Signs Aftei Onset of Empyema — In several instances 
patients have entered the hospital under the regimental diagnosis of 
empyema Careful investigation of the history has, however, in all 
these instances shown a story of several days of indisposition and 
probable fever Patients who have entered the hospital usually 
because of prostration and a slight febncula and before any physical 
signs indicative of either pneumonia or empyema appeared, have often 
developed under observation surprisingly early empyemas Thus our 
group of streptococcus cases has shown a positive diagnosis of 
empyema possible m an average of 5 4 days after admission When 
one takes into consideration the fact that three of these patients 
developed their pneumonia in the hospital as a secondary process two 
or three weeks after admission, the very early onset of streptococcus 
empyema is impressively demonstrated Suffice it then to conclude 
that this empyema develops with surprising rapidity and often before 
a conclusive diagnosis of pneumonia, in addition to pleurisy, could be 
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made except by the assistance of the roentgen ray It is therefore 
seen that these empyemas are imposed on, and do not merely succeed, 
the active stages of pneumonia The prognostic significance of this 
fact must be apparent to all 

In our early experience with the disease we were surprised, in three 
instances, to find empyema at the postmortem where simple lobar 
pneumonia had been expected In tAvo of these cases the physical 
signs should certainly have gwen the diagnosis, and mere indolence on 
the part of the ward surgeon accounted for this failure Careful 
analysis of the charts in these three cases, however, presented nothing 
of a symptomatic character which would lead any one unsophisticated 
in this epidemic to suspect the development of an empyema, for the 
picture Avas typically and solely that of a pneumonia Nor Avas this 
finding limited to our early cases alone, for not seldom, even after 
AA'-e Avere keenly alive to the frequency of empyema, the needle and the 
roentgen ray have detected rapidly developing empyemas which Avere 
entirely unmarked by alterations in the clinical picture, and with 
strikingly feAV modifications in the physical signs 

One of the most constant and suggestive signs has been the 
appearance of profuse SAveats, comparable in degree and in exhaustion 
to those of acute rheumatic fever The entire surface of the body, 
more notably the head and the neck, are frequently beaded with large 
drops of SAveat These signs are unaccompanied by a chill, Avhich is 
found to be a rather unusual symptom at any stage of these cases, 
and one Avhich never appears but at the period of onset Under onset 
Ave have mentioned the marked exhaustion which typifies these cases 
This, however, is in no Avay characteristic of the empyema, since it 
may be also strikingly manifest in the simple streptococcus pneu- 
monia It IS usually more pronounced Avhen a purulent exudate is 
foiming, or has formed, than Avhen the pneumonia is uncomplicated 
Where the exhaustion is very striking Ave have learned to be very 
constantly on guard and to apply the needle Avith even more diligence 
than ordinary, though not infrequently AVith negative results Accel- 
eration of the respiration is another suggestive sign, though of course 
in recognized pneumonia it can be considered as of only relative value , 
but there can be no doubt that as the pus begins to form there is a 
very perceptible increase in the respiratory rate, above that Avliich 
may be attributed to the pneumonia alone, and Avith increase in rate is 
also to be found increased dyspnea and respiratory distress There is 
nothing characteristic in the temperature and pulse curve in the early 
stage that suggests the onset of empyema Of course, Avhere it develops 
later in the pneumonia, when pulse rate and temperature are falling, 
an ascent m both appears It rarely assumes a septic form, hoAA'CAcr 
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In ordinaiy pleurisy and particulaily m a process which so largely, 
as in these cases, involves the bases and diaphragmatic pleura, one is 
accustomed to consider abdominal rigidity a sign of considerable 
value, especially when, as is usually the case in this epidemic, it is 
monolateral at the onset This sign has been strikingly absent in the 
cases which we present in this study In but four of the cases do we 
recall this indication as demonstrable It was often entirely absent 
even in instances in which we were able to demonstrate readily the 
fact that the diaphragmatic pleura was involved Head zones of 
hyperesthesia is another fiequent sign that one finds in cases of 
pleurisy of whatever origin, but which has not been present in our 
cases Another negative sign which has impressed us very much has 
been the very general absence of or diminution in degree of the 
stabbing pain which is so generally complained of in the onset of 
pleurisy This has not been frequent m our cases, even where the 
onset of pleural effusion seemed to lake place synchronously with or 
but slightly later tlian the first pneumonic symptoms or signs On the 
contrary, we have all been impressed with the frequency with which 
skin tenderness (not hyperesthesia) has been evident on even ordi- 
narily vigorous percussion over the involved area Not seldom this 
tenderness, which is a deep and not a superficial one, has largely 
determined us m selecting a point for needling 

Our study of the physical signs in general as regards this group of 
unusual cases has been disappointing and often the findings most 
difficult of explanation As a result of great disparity between positive 
physical signs and lesions, our ward surgeon has been instructed to 
needle or fluoroscope even when all signs point away from the exist- 
ence of pleural effusion We both feel that we have “unlearned” far 
more physical signs of pleural fluid than we have perfected All 
observers have been struck with the great frequency of skodaic res- 
onance, and many times it has been most typical over areas from 
which the needle gave abundant fluid Postmortem and roentgen-ray 
study of this sign has taught us to consider it as due m many instances 
to early pulmonary compression of more than the usual degree, 
because of the fact that the pleura in these cases was but little thick- 
ened, and the adjacent pulmonary tissue but little involved by con- 
solidation That this sign may be transmitted through a considerable 
amount of superjacent fluid has been demonstrated to us numerous 
times, and over areas where no transmission of abdominal tympany 
could be assumed Probably for the same reason, breath sounds and 
vocal and tactile fremitus have been transmitted through massive 
exudates with great and deceptive distinctness We have been forced 
to exaggerate alterations in these signs, or to totally ignore their appar- 
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ent significance Doubtless the more limpid condition and less cell con- 
centration of the fluid as compared with that of the antebellum con- 
ception of empyema has also something to do with the much modified 
physical signs Beyond question the single physical sign which we 
have come to consider as of most value in the detection of these 
effusions is alteration in percussion A high pitched note or the 
flattening of the customary resonance is a sufficient indication for a 
tap in these cases, and if the tap be a dry one a repetition is justified 

In SIX instances distinct and unmistakable pneumothorax has 
developed before the cases have been tapped, and in quite frequent 
instances minor degrees of this phenomenon appeared In none of 
them could the usual explanatory causes be found present There 
had been no possible injury to the thorax, no bacteria capable of 
causing gas formation were found in the fluid, and no possible cause 
of pulmonary laceration could be made out clinically, or in the three 
instances that came to necropsy The amphoric splash and metallic 
tinkle of mingled fluid and air has come and gone in several typical 
cases also without a reasonable explanation One hypothesis for these 
curious and surprisingly early manifestations is that they may be due 
to rupture of minute pulmonary abscesses, which thus allow the 
escape of air into the pleural cavity Microscopic study lends some 
support to this theory 

In a discussion of the pathologic anatomy of the disease mention 
will be made of the frequent development of pleuropericarditis, and 
the very early appearance of this lesion is quite as remarkable as the 
appeal ance of the empyema itself Usually when this process is 
present it becomes very early apparent from a primary pleuroperi- 
cardial friction rub which is commonly so distinct as to become unmis- 
takable It diminishes, of course, as the effusion develops As a 
natural sequence of this complication a pure pericarditis appears also 
with considerable frequency Postmortem evidence shows that this 
first involves the paiietal layer of the chamber, the visceral layer of the 
membrane only becoming involved later Under our intensive method 
of study of the cases, the complication has only rarely escaped detec- 
tion clinically The amount of fluid which may thus accumulate in 
the sac may be very large — as much as 900 c c , for example The 
character of this fluid is precisely like that seen in the pleural cavities 
First, It has a typical clear to turbid urine appearance, later on 
it becomes highly fibrinous, with the characteristic deposit of fibrin 
on both layers of the membrane and the ultimate transformation into 
pus of a clinical type The bacteriology of the pericardial exudate 
coincides with that of the pleural fluid 
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There are no signs or symptoms that appear in the pericardial 
complication which differ from those customarily seen in this con- 
dition In two instances the pericardial sac was drained, once early m 
the course of the complication, once late after the fluid had become a 
thick and gelatinous pus Both patients recovered 

Study of the total and differential white cell count has been very 
disappointing as a diagnostic measure With the acknowledged exist- 
ence of the pneumonia there is nothing shown suggestive of a develop- 
ing exudate, nor of the fact that this fluid is of a highly septic char- 
acter 

The blood pressure is that usually seen in pneumonias Of course 
in fatal cases the pulse pressure becomes very much diminished as 
death approaches, and with it the usual tachycardia and cardiac 
arrhythmias which are common to the immediate premortem status 

The urine provides no data of an unusual character and nothing of 
a diagnostic value 

The roentgen ray has been used in almost all cases, in diagnosis, 
not so frequently for the demonstration of fluid as to indicate the 
extent and nature of the pulmonary process In most cases so far as 
the demonstration of empyema is concerned the roentgen ray, par- 
ticularly stereoscopic plates, ha\ e been most useful It is much more 
necessary for tlie location of pulmonary disease In several instances 
It has been misleading, indicating no fluid where the needle show^ed it 
to be present and less frequently the opposite fault has been found 
The fluoroscope has not always been employed as a diagnostic rou- 
tine for the reason that most of our patients have been so gravely ill 
that they could not be set up It -was soon found that satisfactory 
plates could only be obtained when the patient was raised up on a rack 
and kept in this position for a short period until gravity had caused 
the fluid to occupy a dependant part of the thorax For a most satis- 
factory method of accomplishing this w’^e are much indebted to our 
colleagues at Camp Devens, who first demonstrated their excellent 
practice to us Our experience has showm us, however, that one may 
not depend absolutely on the roentgen ray in the diagnosis of empyema 
In other instances it has misled us where the fluid w’'as encapsulated at 
the left internal and posterior angle of the thorax, and its shadow 
obscured by that of the heart The use of the roentgen ray is indis- 
pensable in the diagnosis of empyema, but it ivill not alone keep the 
lazy clinician out of trouble with the pathologist 

Frequent needlmgs have been most certain and more satisfactory 
in our hands Where the puncture was to be made for diagnosis only, 
a fine h)^podermic needle from 3 to 4 cm in length attached to an 
ordinary 5 c c Luer syringe is used The fluid in most questionable 
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instances is so limpid that it can be very readily obtained in this mannei 
in sufficient quantity foi bacterial and histologic diagnosis, and the 
pain caused by this needling is so slight that the patients do not object 
to frequent taps We ordinarily do our aspirations with the Potain 
aspirator, but sometimes when the amount to be aspirated is small, an 
ordinary 20 c c glass syringe is used We cannot commend the use 
of the needle too highly It is indispensable in diagnosis 

Character of the empyema fluid The pleural exudate when 
removed is usually light yellow, often with a greenish tinge, and in 
the early stages only slightly cloudy Later m the disease it may 
take on a distinctly purulent chaiacter Smears from the fluid show 
pus cells m laige numbers, and large round or slightly flattened cocci 
ai ranged in short chains of from two to ten organisms We have 
observed that the bacteria are much more numerous in the streptococcic 
empyema than in the pneumococcic empyemas Cultures from the 
exudate on blood agar plates show, after twenty-four houis’ incuba- 
tion, many small, elevated, opaque, colonies of a peai 1-gray color, each 
surrounded by a sharply defined zone of hemolysis Subcultures in 
blood broth produce diffuse clouding of the medium, with a heavy 
sediment in the bottom of the tube Rapid destruction of the blood 
cells takes place and the blood broth takes on a brilliant, claiet-ied 
color Smears from the blood broth show chains of cocci similar in 
all respects to those seen in the smears from the pleural exudate 

The mortality rate in this group was very high, our experience m 
this respect corresponding to that met by clinicians in other camps Of 
the thirty-six cases, twenty-two patients died, a moitahty rate of 
61 per cent 

(b) Streptococcus Vir%dans Empyemas — In this group of cases 
cultures from both the sputum and the pleural exudate showed a 
streptococcus of the nonhemolyzmg variety Theie were found four 
cases of this type (Nos 52-55) Clinically, these cases have differed in 
no respect from the St) eptococcus hemolyticns cases All four of these 
were cases of bronchial pneumonia, and the symptoms and signs of 
empyema were similar in eveiy way to those of Streptococcus hemo- 
lyticus empyema Three out of the four patients died 

(c) SU eptococcus Empyemas FoUozvmg Pneumococcus Pneu- 
monias — This very interesting group of mixed infections consists of 
nine cases (Nos 56-65) and corroborates the findings of Cole and 
McCallum at Fort Sam Houston In these cases the pneumococcus 
was cultivated from the sputum, but cultures from the pleural exudate 
gave streptococcus, either hemolyticns or viridans Pneumococci of 
Type II, III and IV are represented in this group of mixed infections 
There is also a case (Case 61) which we include m this group which 
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gave pneumococcus, Type IV, in the sputum, but Staphylococcus 
aweus m the exudate It is possible, however, that in this case the 
staphylococcus infection developed after operation and drainage had 
been performed The majority of these cases were frank lobar pneu- 
monias There were tw^o cases diagnosed bronchopneumonia, and it 
may have been that in these two cases mouth pneumococci confused the 
bactenologic picture This was also a highly fatal group, six out of 
ten patients dying Clinically, the empyema in this group possessed all 
the characteristics of the pure streptococcus type 

Summarizing these three subgroups, there were forty-nine strepto- 
coccus empyemas with thiity deaths, a moitahtj rate of 61 pei cent 

3 Steiile Empyemas — In addition to the sixty-five empyemas 
already mentioned, we have included in our study fifteen cases (Nos 
66-80) in w'hich fluid of a purulent or semipurulent nature was 
removed from the pleural cavity, but from wdiich cultures were 
sterile In several of these cases gram-positive cocci w’^ere seen in 
smears from the fluid They usually showed, however, some sign ot 
disintegration and could not be cultivated even on blood medium 
Ten of these empyemas were associated with pneumococcus pneu- 
monias of the lobar type, and five patients died Five cases were 
associated with streptococcus pneumonia and two of these patients 
died 

Blood Cultwes — Blood cultures were made on twenty of our 
empyema cases, with only three positive results (Nos 7, 10 and 39) 
Two of these w'^ere pneumococcus cases and one Sf} epfococciis haemo- 
lyttcus In the early part of the year, blood cultures weie taken on 
every case of pneumonia, but when it was found that the results were 
almost universally negative this procedure was discontinued as a part 
of the routine examination The clinical picture might lead one to 
suspect that this disease was one phase of a general septicemia The 
character of the temperature curve, the pulse rate, the profound pros- 
tration, the lapid course of the disease and the high mortality all 
support this impression The rare occurrence, however, of metastatic 
foci points strongly against this theory Strangely enough, two out of 
the three patients in whom the blood cultuie was positive made un- 
eventful recoveries 


PATHOGENESIS OF EMPYEMA 

All of our cases of empyema have been associated with pneu- 
monia, but in many of the streptococcus cases the pneumonic process 
has been relatively slight, as verified by physical signs, the roentgen 
ray and necropsies Cases of SU eptococcus haemolyticus empyema 
have been reported from other camps in which no evidence of con- 
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comitant pneumonia could be obtained, and such a phenomena seems 
possible in consideration of our own experience It is quite certain 
that in many cases the empyema has far outweighed the pneumonia 
in clinical importance It is probable, however, that in the majority of 
cases streptococcus empyema develops from a bronchopneumonia, the 
infectious organism being conveyed to the pleura either by the way 
of the lymphatics or by the direct extension of one of the small 
abscesses so frequently seen, through the pleural coat The severity 
of the pneumonia may be a factor in the development of the empyema, 
but this IS a difficult point to settle, since the onset of the empyema 
early in the course of the disease masks the real character of the pul- 
monary condition It may be stated, however, that streptococcus 
empyema has usually appeared in those cases of pneumonia that have 
seemed to be severe infections 

The question if ward infections occur in this disease, that is, 
patients suffering from pneumonia of whatever type are likely to con- 
tract a streptococcus empyema fiom their associates in the ward or 
from streptococcus carriers, receives some confirmatory evidence from 
the fact that oui group of cases includes nine instances in which a 
pneumococcus infection of the lung was followed by a streptococcus 
empyema On the other hand, we have seen nothing clinically that 
would seem to substantiate this hypothesis, and since we have adopted 
careful methods of isolation of cases in the wards by means of screens 
and punctilious gowning, capping and veiling of attendants, nurses, 
physicians and convalescent patients, no change in the incidence of 
empyema has been evident It is interesting to note that our camp 
was entirely free from streptococcus empyema until we received a 
large contingent of colored troops from another encampment said to 
have suffered much from this condition This complication is no 
longer limited to “ultrabrunettes” with us at Camp Upton 

The likelihood of an autogenous infection from streptococci 
already in the mucous tract of patients before they contract the pneu- 
monia seems to us a much more probable factor This has received 
suggestive corroboration at Camp Upton from a series of cultures 
made during an epidemic of streptococcus pharyngitis in the convales- 
cence of which a considerable number of streptococcus pneumonias 
developed 

PATHOLOGY 

Altogether, twenty-seven of the empyema cases came to necropsy 
Three of these (Cases 6, 9 and 10) were pneumococcus empyemas, 
one gave sterile cultures and the remaining twenty-three all showed 
streptococci in smears and cultures 
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The three pneumococcus cases were associated with typical lobai 
pneumonia, with consolidation m the side involved The fluid in all 
three of these cases was frankly purulent, and in one case there were 
pockets of pus between the lobes of the lung One case was associated 
with acute vegetative endocarditis of pneumococcus origin In all 
three cases the pleura was covered with a thick layer of fibrin, which 
could be readily removed from the underlying membrane 

The one post mortem case (Case 70) of empyema from which 
cultuies during life had been sterile showed at necropsy pulmonary 
tuberculosis and tuberculous pleuiitis 

The remaining gioup of twenty-three cases all showed streptococci 
111 pleural exudate Three of these cases (Cases 56, 62 and 64) 
belonged to the mixed group of infections They had been classified 
from sputum examination as pneumococcus infection of the lungs 
The cultures from the pleural exudate gave m two cases a non- 
hemolyzmg type of streptococcus, and one case the hemolytic strepto- 
coccus At neciopsy all showed typical lobar pneumonia, but in 
addition, patches of bi onchopneumoma were present m those por- 
tions not involved m the lobar process In three other cases (Cases 53, 
54 and 55) bacteriologic examination of both sputum and pleural 
exudate gave the nonhemolyzmg or green streptococcus All three of 
these cases showed a patchy type of consolidation and were classed as 
bronchopneumonias The empyema m this group was of the saccu- 
lated type and the fluid was cloudy, yellow and full of flecks of fibrin 
In two cases (Cases 54 and 55) which showed purulent pericarditis, 
the process was apparently an extension by direct contiguity from 
pleura to pericardium, for the pleura adjacent to the pericardium was 
extensively involved 

The third subgroup in this division is that m which the process in 
the lungs and the pleura was all of Sti eptococcus haemolyticus origin 
There were seventeen of these cases that came to necropsy Eleven 
were diagnosed as bronchopneumonia and six as lobar pneumonia 
The ^empyema in this group was described as sacculated in half the 
cases , in the other cases the fluid was lying free in the pleural cavity 
The fluid was sometimes cloudy and amber-colored and sometimes dis- 
tinctly purulent In the former group there were often a number of 
large, entirely separate pockets w^hich did not communicate with one 
another One such pocket was frequently found between the peri- 
cardial sac and the anterior flap of the left lung which lies over it 
This probably accounted for the frequency of pericarditis in this group 

The lung on the affected side in these cases is covered with a fibrin- 
ous coat which varies in thickness with the age of the empyema It is 
closely adherent to the pleura The lungs in these streptococcus cases 
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have nearly all shown the changes described by Cole and McCallum as 
interstitial bronchial pneumonia The lung is atelectatic, due to the 
compression caused by the fluid On section the bronchioles stand out 
with remarkable distinctness and are usually filled with pus The 
walls of the bronchioles appear thicker than normal and there is an 
o\ er-growth of fibrous tissue throughout the organ which accentuates 
the fibrous trabeculae The thickening about the bronchioles ma} be 
so marked as to give them the appearance of small tubercles or miliary 
abscesses E\en in those cases in which a part or all of a lobe is con- 
solidated, these changes ha\e been obseiw’^ed in other parts of the 
lungs 

Microscopic sections of the lungs in these cases show areas of 
bronchopneumonia around the bronchioles and an extensue infiltra- 
tion of small round cells about the bronchioles and blood vessels 
There is a marked tendencj’- tow^ard organization of the exudate in the 
alveoli, which consists of unusually dense fibrin, l}mphocytes and 
desquamated epithelium 

The pleural covering has been com erted into a thick coat of granu- 
lation tissue, on the surface of which there is a layer of fibrin 
and leukocytes Small mihary abscesses have been observed m cases, 
sometimes occupying the site of a bronchiole and at other times 
situated so as to displace-a number of the alveoli In one case these 
minute abscesses were located about the small blood \essels 

OTHER PATHOLOGIC CONDITION'S ASSOCIATED WHTH EMPVEMA 

The only other pathologic condition which occurred with any fre- 
quenc}’- was suppuratiie pericarditis This was found altogether in 
nine cases, eight of which were in the streptococcus series and one in 
the cases of mixed infections In one other case a fibrinous pericarditis 
was found, and in this latter case it was easy to understand why the 
pericarditis accompanies the emp}ema so frequently That portion of 
the parietal pericardium which lay in immediate contact with the left 
pleura was intensely reddened and covered with a fresh deposit of 
fibrin The infection had apparently extended into the pericardium by 
direct contiguity, probably by way of the lymphatics In quite a 
number of these infections of the pericardium a pocket of pus was 
found betw^een the pericardial sac and the adjacent portion of the 
left lung 

Abscess of the lung w’^as the next most common pathologic finding 
and w'as noted in five cases These abscesses were usually small and 
multiple, but in one case there w^as a single large abscess located in 
the center of the consolidated area 
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Infarcts were found m two cases (10 and 38), once in a pneu- 
mococcus empyema and once in a St) eptococcus hemolyticus case 
Acute vegetative endocarditis was noted in one of the pneumo- 
coccus cases (Case 10), while acute general peritonitis (Case 46) and 
acute suppurative meningitis (Case 53) were each observed once, and 
each in connection with a streptococcus infection 

Bilateral empyema was noted in only two cases, once in a pneumo- 
coccus case and once in a streptococcus case 

It will be seen from this summary that in spite of the virulence of 
this infection it was usually confined to the lungs and pleura, with 
occasional involvement of the pericardium This would seem to indi- 
cate, as already noted, that the disease is not essentially a septicemia 

TREATMENT 

It has not been our original intention to attempt to consider this 
phase of the subject extensively in this paper Perhaps our mortality 
rate in the streptococcus pneumonias should suffice as an excuse for 
this reticence on our part, but we do feel it necessary at least to out- 
line what in our experience should not be done in the hope that it 
may be of assistance to others who are dealing with these same prob- 
lems At the outset we feel ourselves forced to say that the unfortu- 
nate interference of lay military commanders in the matter of 
necropsies must be held responsible to some extent for failures in 
treatment and the much longer and costlier method of forcing us to 
solve this problem by experiment rather than from the more exact 
knowledge which the postmortem alone gives to senous inquiring 
clinicians 

It IS of course obvious that since most cases of streptococcus 
empyema develop very early in the course of pneumonia, it cannot do 
in case operative measures are decided on to use general anesthetics, 
nor does it seem wise to trust the after-treatment of such cases to 
surgeons alone Entire cooperation must exist between the medical 
and surgical departments, and tliese patients, even though operated 
on, should be still considered as properly under medical charge 

In ordinary empyema of pneumococcus type we think there can 
be but little question that in the larger number of cases diagnosis 
should be followed by early operation This older idea has been 
confirmed in our minds by such cases of this class as have occurred in 
this epidemic As in the usual run of cases, operation has in most 
instances been followed by prompt benefit and reasonably early recov- 
ery The results have been decidedly different in our cases of strepto- 
coccus empyema, as also in those so-called sterile empyemas which we 
believe are likewise of streptococcic origin 
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In eleven of our twenty-two fatal cases m the Sti eptococcus 
haeinolyticus group the men have been operated on^ most of them 
m the relatively early stages of the empyema, and of the fifteen men 
who have recovered or are still in the hospital, but eight had a resec- 
tion done Study of this lecovery list, howevei, has apparently shown 
that those patients operated on early have, almost without exception, 
died, while those m whom the operation has been postponed until 
the pus became thick and gelatinous (frequent aspirations m the 
meantime having been made), recovered 

As a result of our study of this group we have naturally arrived 
at the practice of withholding our cases from the surgeon until later 
m the course of the disease, when the pus has become thick with 
fibrin and cells 

We have felt that oui better success since this method had been 
adopted has depended m part on the fact that when the pleural cavities 
are drained through the active stage of the pneumonia the rapid collapse 
of the diseased lung on the opeiated side has thrown an added stiain 
on the unprepared heart, which has been a dominant factor m the 
cause of post operative death Furthermore, when the waiting policy 
IS pursued, not only may the pneumonia improve and the heart adjust 
itself to the strain thrown on it, but it has been our observation that 
the pleura becomes so thickened as a result of the exudate that the 
subsequent collapse of the lung following thoracotomy is less marked 

We may summarize our present procedure briefly as follows, but 
while our results are now better than formerly, we at the same time 
acknowledge that they are very far from satisfactory 

The case is carried as an ordinary case of pneumonia As soon as 
the fluid IS discovered (and with the persistent use of the needle and 
roentgen ray this is usually very early determined) the aspirated diag- 
nostic specimen is examined by smear and culture If the exudate is 
clear, notwithstanding the presence of streptococci, it is allowed to 
remain in the chest until it is apparent that the fluid is embarrassing 
respiration, m which case it is aspirated by the Potam aspirator This 
aspiration is repeated as frequently as seems indicated, and caieful 
watch IS maintained on alterations m the character of the fluid When 
It becomes thick and viscid, the case is deemed to have reached the 
stage for surgical intervention 

Meantime, of course, the general symptomatic treatment of pneu- 
monia has been followed As a rule, digitalis is given freely in the 
early stages and camphor, epmephrin, caffem, etc , are given as symp- 
tomatically indicated The usual attention is given to elimination, to 
abundant aeration, and in suitable cases the patients are placed out of 
doors exposed to the sun and air Temperature is controlled m part. 
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at least, by hydrotherapy and aerotherapy, and -where much pain is 
suffered or when the patient coughs incessantly or becomes excitable, 
codein or morphin is used as indicated 

We are most anxious to attempt treatment of these cases by the 
use of an antistreptococcus serum, and steps m this direction are 
now being taken We feel that until some protective mechanism 
IS disco\ered we shall continue to find these cases most unfortunate 
problems in military medicine 

A marked improvement in results has followed the surgical treat- 
ment of these cases of hemolytic streptococcus empyema since they 
have been placed exclusively undei the care of a single surgeon 
(Captain Perry), ivho has made a special study of this condition, and 
particularly of its surgical management 

SUMMARY 

A highly viiulent type of empyema has been prevalent at Camp 
Upton during the wintei and spring months of 1918 

Eight} cases have been observed m a series of 300 pneumonias 
Fifteen of these were caused by the pneumococcus, fifteen others 
were sterile, the remainder of the cases vere caused by a strepto- 
coccus, usually of the hemolytic t3^pe 

In this series of cases empyema has been constantly associated 
with pneumonia of either the bronchial or lobar type Usually a 
bronchopneumonia has accompanied a streptococcus empyema, and 
a lobar pneumonia the pneumococcus empyemas 

In the great majority of cases the organism which has been found 
to be the causative agent in the pneumonia has also been isolated in 
pure culture from the pleural exudate In nine cases, however, -a 
pneumococcus pneumonia was associated with a streptococcus 
empyema 

The onset of the pneumonia and the empyema is apparently simul- 
taneous in some cases 

This epidemic of empyema has been, m large part, independent of 
measles and other similar infections 

The clinical symptoms and the physical signs differ from those of 
classic empyema 

Diagnosis is frequently difficult by reason of the equivocal physical 
signs and the indefinite symptomatic picture Diagnostic aspirations 
are the most certain means of discovery of the condition m its early 
stage The roentgen ray stands second in diagnostic importance Of 
the physical signs, alterations in percussion seem to be the most 
helpful 
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The interstitial type of bronchopneumonia, recently described by 
Cole and MacCallum, is usually found associated with streptococcus 
empyema 

Fibrinopurulent pericarditis is the most frequent complication 
P3'^opneumothorax has also been observed in a number of cases 
The mortality rate is high and the prognosis is serious 
Medical treatment is essentially expectant 

The most efficacious method of surgical treatment and the correct 
time for its application are jet to be determined 
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VOLUNTARY ACCELERATION OF THE HEART BEAT^ 
HOWARD F WEST, MD, a.nd WILLIAM E SAVAGE, AB 

BOSTON 

Favill and White^ have recently studied a person having the 
ability to increase the rate of the heart at will This was the fourteenth 
of such persons to be reported (see Footnote 2) Electrocardio- 
grams have been made of three of these peisons, but only in 
the studies of Favill and White were the effects of atropin on the 
ability to accelerate observed These authors, with others who have 
studied similar instances, were led to believe that the action of the 
acceleiator nerves was the chief factor in the mechanism of this type 
of acceleration 

The following observations are reported in order to add another 
case to the series and because ceitain differences m results were 
obtained from those previously recorded 

The subject is a young medical student who is entirely healthy 
and IS apparently free from all physical and neurotic defects He has 
had no cardiovascular symptoms whatever and physical examination 
shows the heart to be of normal size and free from abnormal sounds 
and murmurs Attacks of tachycardia have never been noticed He 
discovered the ability to increase his heart rate voluntarily during the 
course in physiology m his freshman year and has practiced it only at 
times of making observations such as the following 

Electrocardiograms were made with an instrument of the Cam- 
bridge pattern so standardized that a deflection of 10 mm was pro- 
duced by a current of 1 m volt Continuous rolls of bromid paper 
were used so that the records covered fairly long periods of time 
Radial pulse tracings were made with a Mackenzie polygraph, and 
blood pressure readings were made before and during periods of 
acceleration The effects of large doses of atropin were tested 

During the period of acceleration there is a very slight increase m 

* Received for publication May 27, 1918 

*Froni the Atedical Clinic of the Peter Bent Brigham Hospital and the 
Harvard Medical School 

1 Favill, J , and White, P D Heart, 1917, 6, 175 

2 Koehler, M Arch f d ges Physiol , 1914, 158 , 579 Pease, E A 
Boston Med and Surg Jour, 1889, 120 , 525 Tarchanoff, J R Arch £ d 
ges Physiol , 1885, 35 , 109 Tuke, D H Illustrations of the Influence of the 
Mind on the Body in Health and Disease, Designed to Elucidate the Action of 
the Imagination, London, 1872 Van de Velde, Th H Arch f d ges Phj'Siol , 
1897, 66, 232 
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the rate and the depth of respiration (Fig 3), and the pupils dilate 
moderately as recorded by other observers No definite physical effort 
IS made, but constant mental concentration must be maintained, which, 
after several closely repeated trials, becomes quite fatiguing 

Figure 1 shows a radial tracing and illustrates a typical period of 
acceleration of short duration The rate begins to increase almost 
immediately following the wmrd of command and reaches its maxi- 
mum after about ten heart cycles All our tracings show a decrease 
m amplitude of the pulse waves rather than an increase with marked 
dicrotism, as show n by Favill and White ^ 


t 

Fig 1 — Radial tracing showing t 3 'pical period of acceleration of short 
duration Command to accelerate indicated by arrow 

There was a distinct rise in blood pressure with each acceleration 
with the exception of the effort at the height of the atropm effect, 
when there was a drop of 10 mm from the reading made five minutes 
before The latter reading, however, was 10 mm higher than the 
first record made before the atropm was given The greatest increase 
noted w^as one of 18 mm accompanying an acceleration of 27 beats 
per minute (See accompanying table ) 


Table Giving Data of Author’s Case 


Time, P 31 

Pulse Bate 

i 

1 

Increase 

Blood Pressure ] 

1 

Eemarls 

Systolic 

Diastolic 

4 20 

69 


120 

70 


4 22 

fiC 

27 

123 

75 

Voluntary acceleration 

4 2S 

06 

. 

120 

70 


4 27 





Atropm 0 002 gm subcu 






taneously 

4 SO 

60 





4 55 

06 


120 ! 

70 

Beginning dryness of 





j 

mouth 

5 10 

74 


115 

70 

Pupils slightly dilated. 


1 




mouth very dry 

5 15 

SO 

12 

130 

75 

Voluntary acceleration 

5 20 

94 1 


130 

70 

Dizzy, sllghtlynauceated 

5 25 

102 

8 

120 

70 

Voluntary acceleration 

5 35 





Cardiogram taken 


1 

! 



(Pis 4 ) 

5 45 

70 i 


134 

SO 

Dryness slightly Pss 






marked 
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Electrocaidiogiams of Ibis student show no distinctive character- 
istics other than a slight notching of R and a diphasic T in the third 
lead There is a definite, but not unusually marked, sinus arrhythmia 
(Fig 2) During the peiiods of acceleration (Fig 3) there was no 
change in the P-wave, in the P-R interval, nor in the distance fiom 
the beginning of R to the end of T The aniphtude of T was not 
changed There was some rhythmic variation m the height of R both 



Fig 2 — Leads I, II and III of subject at rest Time in % and second 



Fig 3 — Lead II, a, just before command to accelerate, b, at height of 
acceleration Line above electrocardiogram records respiratory movements 
obtained by pneumograph and tambour 


before and during the period of acceleration The general aveiage of 
the R deflections was slightly lower during the periods of acceleration, 
but by not more than one-tenth of the height preceding the increased 
rate 

After subcutaneous injection of 0 002 gm of atropin sulphate the 
rate was increased from 69 to 94 beats per minute Electrocardio- 
grams taken at this time show a very slight increase m the amplitude 
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of T in the first lead and a correspondingly slight deciease in the 
height of R No change in the distance from the beginning of R to 
the end of T could be made out The sinus arrhythmia was almost, 
but not completely, obliterated If one calculates minute rate on the 
shortest and longest cycles shown by the electrocardiogram at this 
time, a difference of 8 beats per minute results, which corresponds to 
the acceleration noted at tlie wrist as shown in the table The ten 
beats preceding voluntary acceleration at the height of the atropm 
effect occurred at the rate of 80 per minute, the ten beats at the height 
of voluntary acceleration at 87 per minute, an increase of seven beats 
When respirations were forced without atropm the sinus arrhyth- 
mia becomes more marked as shown in Figure 5 If the rate were 
calculated on the basis of that seen at the beginning of inspiration. 



Fig 4 — Lead II, sixty-eight minutes following injection of atropm a, just 
before command to accelerate, fc, at height of acceleration 


where it is most rapid, it would approximate 79 per minute If cal- 
culated on the expiratory rate it would give approximately 54 beats 
per minute, or a difference of 25 beats The greatest voluntary accel- 
eration recorded in our observations was one of 27 beats per minute, 
which it would seem could be easily accounted for by vagus activity, 
assuming that sinus arrhythmia of the respiratory type is due to 
rhythmic changes in vagus inhibition Pressure on the right \agus 
produced a prompt slowing of the heart rate from 72 to 48 beats per 
minute 

DISCUSSION 

The identification of the mechanism involved in these cases is 
somewhat difficult and perhaps cannot be definitely attributed to either 
vagus or accelerator action alone, for there are probably no stages in 
the heart’s activities in which both are not active to a greater or less 
extent It woulif seem, however, that in this person our observations 
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point more to ^ agus than to accelerator domination during periods of 
acceleration We ha-ve not been able to observe the marked decrease 
in the amplitude of R nor the increase in P and T dunng the increased 
rate as recorded by Favill and White and mentioned by Lewis and 
Cotton" — quoting Rothberger and W interberg — as characteristic of 
effects of stimulation of the stellate ganglia Nor have we obtamed 
am decrease in the length of systole which was so marked in the 
experiments of HunP following direct stimulation of the accelerator 
nenes and by Patterson^ following intravenous injection of epi- 
nephrin 

Animal experiments have also shown that following stimulation of 
the accelerator ncrv^es there is a prolonged latent period, from five to 
ten seconds while the acceleration in these persons showing volun- 



Fig 5 — Electrocardiogram taken dunng penod of forced respiration 


tarv'- control begms almost immediately, reaching a maximum, it is 
true, after a few seconds of effort 

Then again, the degree of acceleration dunng our observ^ations 
seemed to be definitel)'^ within the extremes of rate shown in a study 
of the normal smus arrh3lhmia The results following injection of 
atropin were quite at variance with those reported by Favnll and 
White, wFo found no reduction in the abihty to accelerate As has 
already-- been pointed out, there was a definite and corresponding 
decrease in the sinus arrhj'thmia and the ability to accelerate at the 
height of the atropin effect in our observations Had the atropin 
been given in sufiiciently large dose completel) to paral)'ze the vagus 
terminals we believe the ability voluntanl}’- to change the rate would 
have been abolished or nearty so 

3 Levris, Thos, and Cotton, T. F. Proc Phjsiol Soc., June 28, 1913 
A- Hunt, R. Am Jour Phjsiol, 1899, 11, 395 
5 Patterson, S W. Proc. Rojal Soc, 1915, 88, 371 
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Gasser and Meek,® after studying the mechanism of acceleration 
accompanying exercise, were led to conclude that the pnmary increase 
was due to a decrease in vagus inhibition, but that this was probably 
augmented “in times of great need” by accelerator influences Our 
observations are entirely in accord with this view It may be that 
those persons showing higher degrees of voluntary increase in rate 
may be able to add accelerator stimuli to a primary vagus release 


6 Gasser, H S , and Meek, W J Am Jour Physiol , 1914, 34, 48 
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ACUTE ENDOCARDITIS FOLLOWING WAR WOUNDS 

INCLUDING NOTES OF HEART WEIGHT AND ARTERIOSCLEROSIS 

IN SOLDIERS 

HOWARD T KARSNER, MD 
Captain, M R C , U S Armj 

FR \NCE 

In a previous reporC observations on the necropsies on eighty- 
seven soldiers who died in active service in France were recorded, 
reserving for separate study certain features of the pathology of the 
cardiovascular system This seemed justifiable because of the rela- 
tively large number of cases of acute endocarditis obseived It is no 
new fact that acute endocarditis may accompany’’ septicemia and 
pyemia, but surgeons and internists often regard the soldier as resist- 
ant to such complications and neglect this possibility m their treatment 
of the case The experience of the writer in France has led to the 
belief that treatment can be successfully modified by a consideration 
of the changes in myocardium and renal parenchymia which may per- 
manently handicap the soldiei in after life This study ^^as taken up 
in the hope that light might be thrown on a subject by no means new, 
but as yet far from being satisfactorily explained 

As a corollary to the studies of acute endocarditis a study of the 
w^eight of the heart is presented and also a note on the occurrence of 
arteriosclerosis 

Acute endocarditis W’as obseived in fourteen of the elghty-se^en 
necropsies There is no assurance that a similar percentage would be 
seen in a larger series of cases, but data should be collected The 
numbei is large enough to be suggestive and to direct the attention of 
pathologists and clinicians tow'ard minute observation of the vahes in 
life and after death particularly in cases of septicemia or pyemia 

TYPE or CASES 

Of the fourteen cases showing acute valvular lesions, twelve were 
pure acute disease and two showed acute lesions superimposed on 
preceding chronic lesions The tw'^elve acute cases show'’ed involvement 
of the aortic valve alone m five cases, the mitral, twm cases, the 
pulmonary, one case, the tricuspid, one case, combined mitral and 
aortic, three cases One case show^ed chronic mitral stenosis with 

Submitted for publication June 12, 1918 

1 Necropsy Service in a Military Hospital in the Field, appearing in Am 
Jour Med Sc, June, 1918 
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acute initial and aortic lesions, one case showed chronic mitral and 
aortic stenosis with acute mitral lesions The Staphylococcus pyogenes 
auiens was isolated in three cases, two of which were pyemias and 
one was a septicemia The Sti epfococcus pyogenes was isolated in 
nine cases, two of which were pyemias and seven were septicemias 
Two cases weie clinically and pathologically septicemias, but weie 
not demonstiated to be so bactenologically All had suffered serious 
primary uounds, five of which involved joints and four others of 
which involved other serous cavities These wounds are irregularly 
distributed in regard to the valves attacked except that both the cases 
showing superimposition of acute on chronic lesions were penetrating 
wounds of the pelvis In contrast to these figures, there were six 
cases of infected wounds of the joints which failed to show endo- 
carditis, twenty-three cases of wounds of other serous cavities not 
including head wounds and forty-two cases of septicemia or pyemia 
without noticeable lesions of the endocardium 

AVERAGE DURATION OE ILLNESS 

As to the duration of illness, one patient, a case of gas gangrene, 
succumbed in four days The other thirteen patients weie all ill one 
week or more, eight were ill more than two weeks, five more than 
three weeks , f oui , more than four weeks, and one was ill more than 
five Aveeks The average duration of illness Avas eighteen days as 
compared AVith an aA^erage of seventeen days m forty-tAVO septic cases 
without endocarditis 

TYPE OF ORGANISM FOUND 

All the cases were obviously either septicemia or pyemias and the 
St] eptococcns pyogenes was the predominant organism One case 
shoAved perfnngens in the blood after death, but all the Avork with this 
organism tends to show that it is not an invader of the blood stream 
during life The case m question appeared to be septicemic as tlie 
result of pyogenic infection before the gas gangrene developed It is 
not believed that Bacillus peifrmgens caused the acute endocarditis of 
this case 

AGE AND TERM OE SERVICE 

The fourteen cases, as a group, averaged 29j4 years of age and 
twenty-four and one-half months’ service, somewhat greater in each 
instance than the averages for the entire group studied (27 years of 
age, twenty-two months’ service) It may Avell be that the greater age 
and prolonged service might have reduced the resistance of these 
persons so as to expose them to this serious complication 

This information is summarized in Table 1 
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TABLE 1 — Summary or the SxuD-i or Cases of Acute 
Endocarditis in Fourteen Soldiers 


Lesion 

Case 

No 

Age 
in 
, Irs 

i 

Service 

in 

Mos 

1 

j 

Illness 

in 

Dajs 

! 

Wound 

Disease 

Organism 

Acute aortic valvulitis 

10 

43 

33 

31 

Buttock 

Pjemia 

Streptococcus 


12 

22 

19 

50 

Hip joint 

Septicemia 

Streptococcus 


25 S 

1 

34 

25 

10 

Thigh 

Septicemia 

? 


so 

2S 

SO 

22 

Chest 

Pjemia 

Streptococcus 


51 

' 

16 

17 

Shoulder 

Septicemia 

Streptococcus 

Acute mitral valv ulitis 

7 

1 23 

22 

7 

Knee joint 

Septicemia 

Streptococcus 


70 i 

20 

10 

10 

Chest 

Septicemia 

Streptococcus 

Acute pulmonic val 

2 

22 

24 

29 

Ankle joint 

Septicemia 

Streptococcus 

vulitis 








Acute tricuspid v al 
vulitis 

9 

29 

1 

12 

28 

Toot 

Pjemia 

Staphjlococcus 

Acute mitral and 1 

U 

29 

80 

7 

Thigh 

Septicemia 

Streptococcus 

aortic V alvulltis 








21 

21 

10 

18 

Knee and 
elbow joints 

Septicemia 

Streptococcus 


40 

30 

18 

4 

Leg 

Gas gangrene 

Perlnngens 

Acute superimposed 

20 

34 

35 

14 

Pelvis 

Pyemia 

Staphylococcus 

on clironic valv uiitis 







Staphylococcus 


76 

37 

SO 

8 

Pelvis 

Pyemia 


Note —Streptococcus sieniflcs a gram positive organism In long chains Staphylococcus 
signifies Staphylococcus pjogcncs aureus Pyemia indicates abscess formation in more 
than one organ 


TYPE or LESION 

The aortic lesions were in all cases extremely mild and might 
easily have been overlooked on less careful examination It is of 
further interest that in all the aortic cases in which an organism was 
identified (six of the seven cases) the St) eptococcus pyogenes was 
found, and this is true also of the acute mitral lesions Both cases of 
acute valvulitis superimposed on chronic lesions were m association 
with Staphylococcus pyogenes aniens The pure aortic cases show a 
rather high age incidence as compared with the other cases excepting 
the two patients who had acute and chronic lesions This same group 
of men appeared to have been in active service somewhat longer than 
the other cases From the mildness of the aortic disease and the 
apparently long duration of illness in these cases it might be assumed 
that this valve is somewhat more resistant to acute disease than are 
the other valves, but this view is more than counterbalanced by the 
large number of cases m which aortic disease appeared It can be 
stated, however, that whereas acute aortic disease is common it does 
not become as severe and extensive as disease of the other valves, a 
fact in accordance with observations in civil life 
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Of considerable interest is the occurrence in the fourteen cases of 
two cases with A^alvular disease of the right side of the heart only 
This is extremely uncommon in adult life, but an examination of the 
data m these cases shows no explanation for their occurrence 

In only one case did the acute valvulitis appear to be of undoubted 
embolic origin, namely, the case of acute tricuspid disease, the lesion 
appearing as an ulcer m the middle of the valve flap and associated 
with what appeared to be an abscess in the substance of the valve 
The case of pulmonic disease might have had a similar origin, for at 
the necropsy the lesions covered the ventricular surfaces of the leaflets 
and might have originated as emboli in the substance of the leaflets 
All the other cases appeared to originate at the line of closure 
According to the work of Bayne-Jones,^ normal vascularization of the 
leaflets extends to the line of closure in the aunculo-ventricular leaflets, 
but only a short distance into the semilunar leaflets Hence, lesions 
of the line of closure of the semilunar leaflets probably are not of 
embolic origin, whereas those of the line of closure of the mitral and 
tricuspid leaflets may or may not be 

CHRONIC VALVULAR LESIONS 

There were four cases of chronic valvular disease without acute 
lesions, two of which were septicemias of rather short duration (five 
and ten days) The two cases of meningitis lived longer but were 
probably not septicemic Of the two septicemic cases, one showed a 
sclerosis of the valve rather than a true chronic inflammatory process, 
leaving one case of chronic valvulitis with septicemia and without 
acute lesions as contrasted with two other cases with chronic valvu- 
litis, pyemia and a superimposed acute lesion This is in accord with 
the old view that a true chronic valvulitis predisposes to subsequent 
acute attacks (refer to Table 2 for summary) 


TABLE 2 — Cases or Chronic Vauular Disease without Acute Lesions 


Case 

No 

Age 'n 
Yrs 

Service 

!n 

Mos 

[ Illness 
ir 

Dajs 

Valve 

Wound 

Disease 

Organism 

36 

24 

19 

5 

Sclerotic 

aortic 

Belly 

Gas gangrene 

Perlnngens, 

streptococcus 

36 

13 

18 

20 

Chronic 

mitrai 

Chest j 

Streptococcus 

meningitis 

No groivth 

61 

21 

18 

' 28 

Chronic 

mitral 

Head 

Staphylococcus 

meningitis 

9 

87 

29 

0 

10 

Chronic 

aortic 

Thigh 

Septicemia 

Streptococcus 


2 Bayne-Jones, S The Blood Vessels of the Heart Valves, Am Jour 
Anat, 1917, 21, 449 
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C4RDIAC HYPERTROPHY 

In several of the earlier necropsies it was thought that the heart 
vas enlarged without noticeable cause Scales were then purchased 
to try and determine if the life of the soldier induces a cardiac hyper- 
trophy It was not possible to weigh the cadavers so that the size vas 
indicated as tall, medium or short, in some cases this was neglected 
The a^erage v eight of the heart in twent 3 '-four men whose size 
was not noted was 305 gm Excluding one heart of 420 gm regarded 
as definitely hypertrophic, the a^erage i\as reduced to 300 gm Nine- 
teen of these men had slight sclerosis of the aorta The average 
seri ice was iw enty-three months and age 24 years The average kid- 
ney weight 328 gm 

The a\erage heart eight in twenty tall men w'as 344 gm 
Excluding two hearts of oier 400 gm , this was reduced to 336 gm 
Fifteen of these men had slight sclerosis of the aorta The average 
service was tw^enty-five months and the average age 28 years The 
a-verage kidney weight was 374 gm 

The average heart weight in eighteen medium sized men w'as 322 
gm Excluding three hearts of more than 400 gm , this w as reduced 
to 301 gm Thirteen of these men had slight sclerosis of the aorta 
The a\erage ser\ice was twenty months and the age 28 years The 
aierage kidney weight was 346 gm 

The average heart w eight in ten small men was 265 gm , none 
exceeding 400 gm Five of these men had slight sclerosis of the aorta 
The average serxice w'as sixteen months and the age 24 years The 
a\erage kidney weight w'as 301 gm 

The foregoing information is summarized in Table 3 


TABLE 3 — SuMMA.R\ of the Stld\ at Xecropsi of the He\rts 
IX A Series of Soldiers 


stature 

X umber 
of 

Cases 

Heart, 
Weight ID 
Gm 

Excluding 
H%pcr 1 
troph\ 

^clcr 

OS E 1 

Service 

Age 

Kidneys 
Weight in 
Gin 

Xo note 

2i 

205 

COO , 

10 

1 

23 

' 24 

1 

1 323 

Till 

20 

3H 

330 ' 

15 

25 

2S 

374 

SleAiuiD 

IS 

322 

201 

13 

20 

23 

240 

Small 

i 

1 

10 

2C5 

205 

o 

1C ! 

1 

1 

24 

' SOI 

Totals 

72 

314 

f 

205 ; 

1 

o2 

! j 

22 

1 

27 

1 

‘ 342 


IXFLUEXCE OF ARTERIOSCLEROSIS AND CHRONIC INTERSTITIAL 

NEPHRITIS 

The importance of the influence of arteriosclerosis and chronic 
interestitial nephritis w^as considered and the cases grouped as follows 
There were eighteen cases ivith both arteriosclerosis and chronic 
interstitial nephritis whose hearts a\eraged 316 gm in w^eight, 
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excluding three cases w ith hearts of more than 400 gm , the average 
was reduced to 283 gm There were thirty-four cases with arterio- 
sclerosis and without chronic interstitial nephritis, the aeerage heart 
weight being 319 gm , excluding two large hearts, this was reduced to 
314 gm There were only two cases with chronic interstitial nephritis 
and without arteriosclerosis, too few to present figures There were 
fifteen cases wnthout either arteriosclerosis or chronic interstitial 
nephritis, the aeerage heart w'eight being 303 gm , excluding large 
hearts, this was reduced to 295 gm (Table 4 shows this in summary) 


TABLE 4 — Suwii-uw of the IxFetrEXCE of Artepioscleposis and Chpoxic 

IXTEPSTITLl.L XePHEITIS OX He^-PT WEIGHTS 


With Arteriosclerosis and 
Chronic Interstitial 
Nephritis 

With Axtprioselerosis, without 
Chronic Int'“r=titial 

Nephritis ‘ 

Without Artcnostlero=i=, or 
Chronic Tnte rnitial 

Nf phr!ti= 

Ntimb*-' of 
Cases 

Average 
Weight of 
Heart, 
Gm 

Nnmber of 
Ca'*": 

Average 
Weight of 
Heart, 
Fm 

Numhf-r of 
Cd-C- 

Average 
Wright of 
Heart, 
Grn 

18 

810 


210 

i 

1j I 

’08 

Excluding three 
large hearts 

2iS 

E-eclnding tvo 
large hearts 

814 

E-eeluding one 
large heart 

CTj 

1 


As would be expected, the assoaation of these tv/o lesions is 
accompanied by greater heart weight than is the case when they are 
absent, but if the large hearts are excluded in making the a\erage it 
would appear as if the arteriosclerosis w'ere the more important 
change Anatomically, the lesions w’ere mild in both the cases of 
arteriosclerosis and chronic interstitial nephritis Without functional 
studies of the cardioi ascular sjstem and renal sufficienc}’^ and with 
the variance in figures a conclusion is unjustified Xo light was 
thrown on the variance of these figure': by examining the age, serMce 
and stature of these cases, as the distribution was fairly e\cn 

IXFLUEXCE OF AGE AND LENGTH OF SERMCE 

The question of age and sen ice was investigated taking the a\er- 
age of all the cases as the dniding line There were thirt}-six 
patients more than 27 years old with an average heart weight of 
326 gm , excluding fi\ e large hearts, 300 gm , in contrast to thirty-four 
patients less than 27 years of age with an a\erage heart weight of 
305 gm , excluding one large heart, 301 gm There w ere thirty-four 
patients with more than twenty-tw^o months' ser\ ice v ith an a\ erage 
heart w eight of 350 gm , excluding three large hearts 32^ gm , in con- 
trast to thirteen patients less than 27 years of age and with less than 
twenty-two months’ service, with an average heart weight of 279 gm , 
not including any large hearts Table 5 gnes a summar} of these 
cases 
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TABLE 5 — Summary or Tiin Rilation or Acr and Llngth of Service in 


Their 

Ehict on 

Heart Wi ights 


Over 27 ycirs old 

Excluding flic large liearts 

320 gm 

300 gm 

Under 27 ye irs 

Excluding one large heart 

SOS gm 
301 gm 

Over twenty fno months’ sen ico 
Excluding four large hearts 

330 gm 

31G gm 

Under tv entj two months' sen ice 
Excluding tv o largo hearts 

293 gm 
2S4 gm 

Over service and age 

Excluding three large hearts 

330 gm 

321 gm 

Under service and ago 

1 No large heart 

279 gm 


It will be noted that, excluding the large hearts, there is no difter- 
ence in weight in the two age periods, hut that under the same con- 
dition the men who have served more than twenty-two months have 
hearts avei aging 32 gm heavier than their fellows of shorter service 
In the case of thirteen men who weie more than 27 years of age and 



Fig 1 (Case 21) — Aortic valve showing vegetations just above the line of 
closure This case also had acute mitral disease 

had more than twenty-two months of service, the hearts averaged 
71 gm greater in weight than in the case of thirteen others who 
were less than 27 years of age and had less than twenty-tivo months 
service , excluding large hearts the difference in the two groups was 
45 gm The stature of these men tvas considered, but appeared to be 
fairly evenly distributed It, therefore, appears that long service and 
increased heart weight go hand in hand If to the long service there 
IS added greater age, the increase in weight becomes more marked 
Hearts weighing 400 gm or more have been regarded as examples 
of hypertrophy and deducted fiom the total in reaching averages 
Six hearts fell in this group and all but one could be accounted foi by 
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other lesions in the body Three of these were associatec 
chronic interstitial nephritis, which although of mild degree mi 
been sufficiently diseased functionally to have produced h< 
blood pressure All of these showed m addition a slight scl 
the aoita One case showed the abnormality below the aort 
described elsewhere, which might easily have led to hyp 
and in addition a slight sclerosis of the aorta One other case 
only arteriosclerosis as a possible cause for the hypertropl: 
patient (Case 69) had a heart of 420 gm with no arterioscle 
valve lesion, no chronic nephritis or any other apparent c 
enlargement His body is described as that of a “tall, hea\il}' 
well nourished man ” He had a liver of 2,685 gm , show 
passive congestion, a soft flabby spleen of 285 gm , apparentl; 
kidneys weighing 410 gm He was a Scottish guardsman • 



Fig 2 (Case 10) — Aortic valve showing erosion and vegetations 1 
corpus Arantii 

served thirty-six months Compared to the weight of the othe 
the heart is not materially enlarged and doubt is left in one’s 
to whether or not this case should be classified as a hypertroph 
When it is noted that the greatest weight recorded in the 
475 gm and that next to that are two hearts of 420 gm , one 
being a doubtful hypertrophy, it can be seen that definite hyp 
of the heart played a very small part m the gross morbid ans 
these soldiers 

These six cases averaged 37 years of age and twenty-sever 
of service, distinctly above the average of 27 years of age and 
two months’ service This may be taken to support the sn 
that older men of long service tend to have larger hearts 
ooDosite ffrouD 
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TABLE 6 — Summary or the Findings at Necropsy ix Six Cyses 
Clyssed as Hypertrophy of Heyrt 


Case 

No 

Age 
in , 
Yrs j 

] 

! Service 1 
m 

Mos j 

Heart 

ITt, 

Gm 

1 

1 

Y'nlvc 
Lesion ^ 

[ 

1 Sder 
osis 
Aorta 

1 Kidnej i 
YVt , 1 
Gm 

1 

i 1 

1 

Kidnev 

Lesion 

j 

Disease 

j 

i 

1 

1 Stature 

1 

1 

1 

1 

14 

29 

3G 

420 

1 

Acute 
s lOrtic 
mitral , 
YalYulitis ; 

1 

J. 1 

1 

1 

1 1 

4S0 

1 

! 1 

Chronic 

interstitial 

nephritis 

Streptococcus 

septicemia 

1 

1 No note 

4G 

2G 

S’ 

410 

>onc 

— J 

1 

420 i 

i 

Cl0Uti4 

sucilmg 

Streptococcus 

meningitis 

1 Tall 

51 

35 ’ 

1 

1 

15 

400 

Abnormal | 
acute 
aortic 

, i 

' ! 

1 

hi 

Cloudy 

spelling 

[ Streptococcus 
septicemia | 

' I 

i 

Nledium 

1 

54 

j 

4S 

, 27 

475 

i 

1 

1 

None 

I 

i 

1 

a. 

J 

1 

t 

240 [ 

Chronic 

interstitial 

nephritis 

: Ga^ g ingrcne i 

Medium 

5(> 1 

45 

IS 

400 j 

i Sclerotic ' 
mitral 

1 

450 

Chronic 

interstitial 

nephritis 

Chest wounds ^ 

Medium 

G9 

40 

SC 

420 

None 

( 

410 

Norm'll j 

t 

Che-t wounds 
perirmgens 

Tali 


VRTCRIOSCLCROSIS Of THE AORTA 

This condition was noted m sixt}-two of a total of eight} -one 
cases in wdiich a note w'as made on the aorta This was practicall} 
ahvays slight, appearing usually as narrow’ white firm streaks longi- 
tudinally arranged throughout the length posteriori}, resembling a 
little the streaks of fatty change seen in the aortas of children d}ing 
from acute infection but being white and definitely fibrosed A few 
of these show’ed slight fatty changes, but none showed definite calci- 
fication It IS not likely that this change can be accounted for by the 
acute infections from w Inch the men died , it seems more reasonable 
to attribute the change to some other cause 

Coronary sclerosis w'as present m five cases, one of which showed 
also a sclerosis of the mitral Y’ahe Sclerosis of the cerebral arteries 
was noted in one case of seventy-seYen cases examined 

Averages Yvere estimated of the age and term of service of sixty- 
tYVO patients Yvho shoYved sclerosis of the aorta and nineteen patients 
w’ho failed to shoY\ it and the resulting figures YYCre the same in each, 
namely, 27 years of age and tYY’enty-tYY’o months’ service It is there- 
fore unlikely that army serYuce or the age of the soldier played any 
important part in the occurrence of the arteriosclerosis and that its 
cause must be sought elseYYdiere 

SUMMARY AX'D CONCLUSIONS 

In summary, it may be stated that in spite of the fact that soldiers 
represent a group of men selected for superior physique, acute Yah'U- 
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litis IS an important complication of septicemias and pyemias following 
war wounds The men developing this complication are somewhat 
older and of longer service than the average of the entire group 
studied The situation of the wound has little to do with this com- 
plication, except that wounds of joints form a larger percentage in 
the group of acute valvulitis cases than is true of the entire group 
The Sti eptococcus pyogenes is an important organism, but is not more 
frequent in the smaller than in the entire group of cases In one case 
embolism of the valve vessels seems to have been a cause, and m one 



Fig 3 (Case 51) — Aortic valve showing vegetations as indicated b}' the 
upper arrow and anomaly as indicated by the lower arrow 

Other it IS a possible cause The aortic leaflets are the most com- 
monly affected and at the same time show the least marked lesions 
The weight of the heart appears to be greater in men of long 
service and in older men, the difference being accentuated in men \\ hen 
greater age and longer service coincide It is therefore tentatively 
concluded that long service in the army probably leads to an increase 
in the weight of the heart, and that this change is more marked in 
men above the average age of this senes of soldiers 

It cannot be demonstrated that the life of the soldier leads to the 
development of arteriosclerosis 
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List or Cases or Acute Valvulitis 

I ACUTE AORTIC \ ALVULITIS 

Case 10 (Fig 2) — The patient, aged 43, had been in the sennce thirty- 
three months He was admitted to the casualty clearing station with shell 
wound of the buttock and fracture of the great trochanter He was ill thirty- 
one days, a large abscess of buttocks dei eloped and five days before death 
a dr}-- pleurisy of the left side The necropsy was performed fourteen hours 
after death and revealed extensive suppuration of thigh extending up to 
origin of psoas major but not imohing hip joint The heart was soft and 
flabby with normal valves except that one aortic leaflet showed in the middle 
of the ventricular surface a small erosion surrounded bj-^ very minute soft 
w'hite vegetations There w’as also acute fibrinous pleunsj, acute purulent 
bronchitis, septic infarct of lung, acute splenic hjperplasia, cloudj swelling 
of kidneys Direct smear from psoas muscle showed onl} streptococci in 
unusually long chains Direct smear from septic infarct showed a mixture of 
organisms, the streptococcus predominating 



Fig 4 (Case 76) — Alitral valve showing vegetation as indicated bj the 
arrows chordae tendineae enmeshed in vegetation 

Case 12 — The patient, aged 22, had been in the service nineteen months 
He was admitted to the casualty clearing station wuth shell w'ound of the 
buttock involving the sciatic nerve, wuth inability to extend the toes During 
an illness of fiftv days hemorrhage occurred, also edema of the thigh, and 
extensive suppuration of the thigh involving the left hip joint and following 
the psoas major to within 4 cm of the diaphragm At necropsy, fifteen and 
one-half hours after death, the heart was “small, soft and flabby wnth pallid 
friable muscle , the aortic leaflets revealed numerous extremety minute soft 
white vegetations along the line of closure , other valves normal ” There w'as 
acute fibrinous pleurisy, bronchopneumonia, cloudy sw^elling of liver, hyper- 
plasia of splenic follicles, acute pseudomembranous colitis and acute hemor- 
rhagic nephritis Cultures from the heart blood showed Sfi eptococcus pyogenes 
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C\SE 25 — The patient, aged 34, had been in the service twenty-five months 
He was admitted to the casualty clearing station with shell wound of the hip 
grooving the great trochanter During an illness of sixteen dajs all the 
S 3 mptoms of a septicemia developed At the necropsy, four hours after death, 
the heart “weighed 220 gm and was normal except for the presence of a 
pinhead-sized vegetation on the right posterior leaflet of the aortic valve 
immediately below the corpus Arantii ” There was also marked suppuration 
of thigh, passive congestion, edema and healed tuberculosis of lungs, cloudy 
swelling of the liver, submucous petechiae of stomach, follicular and general 
acute splenic hyperplasia and acute nephritis Cultures from the heart blood 
were contaminated 

Ca.se 30 — The patient, aged 28, had been in the service thirty-six months 
He was admitted to the casualty clearing station with a penetrating shell wound 
of chest During an illness of twenty-two days pneumothorax developed, also 
hemothorax, phlebitis of right leg, purulent peritonitis, and from the chest a 
pure culture of Sti epfococctis pyogenes was obtained At the necropsj, thir- 
teen hours after death, the heart “weighed 345 gm , was soft and flabby and 
shows moderate dilatation of right side, the left posterior leaflet of the aortic 
valve revealed on the left half of its line of closure two pinhead-sized white 
fairl}' firm vegetations fairlv well attached ” There was also bilateral acute 



Fig 5 (Case 20) — ilitral valve showing vegetations as indicated by the arrows 

fibrino-purulent pleurisy, hypostatic pneumonia, acute purulent peritonitis (metas- 
tatic) marked cloudy swelling of liver, acute hyperplasia of spleen with mul- 
tiple infected infarcts and acute nephritis Direct smears from the right 
pleura and belly showed numerous long chains of gram-positive streptococci 
which were outgrown in cultures by contaminations This case is regarded 
as a streptococcus pyemia 

Case 5 (Fig 3) — ^The patient, aged 35, had been in the service fifteen 
months Admitted to the field ambulance with extensive shell wound of left 
shoulder During an illness of seventeen days gas gangrene developed, and 
the left upper extremitj was amputated At necrops}, seven hours after death, 
the heart “weighed 400 gm , showed considerable dilatation of right side, 
contained firm clot and frothy blood, aortic leaflets showed numerous extremely 
minute soft white vegetations along the line of closure, other valves normal, 
extending from the junction of the large mitral leaflet and left posterior 
aortic leaflet to a point on the septum just below the nght posterior aortic 
leaflet was a band of fibrous tissue 2 mm in thickness and about 15 mm long, 
which widened m the middle to form a generally spherical sac about 7 mm 
in diameter with an opening about 4 mm in diameter, the septal end of this 
band was continued in a heavy band of muscle about 4 mm in diameter not 
completely separated from the septum and extending v'erticallj downward for 
2 5 cm ’’ The other organs showed the usual changes of gas gangrene From 
the heart blood there were isolated Sfi cpfoeoccus pyogenes and Bacillus 
peifiingens 
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II ACUTE MITRAL VALVULITIS 

Case 1 — The patient, aged 23, had been in the service t\vent>-t\vo months 
He was admitted to the casualty clearing station after “Ijing out” four days 
with shell wounds of left leg, left wrist and back, svithout any evidence of 
gas gangrene He was ill seven da 3 's and died suddenly The necropsy was 
performed eighteen hours after death and showed in addition to the wounds 
an acute suppurative inflammation of the left knee joint There was no evi- 
dence of thrombosis or embolism in the femoral veins, coronarj, pulmonarj or 
cerebral arteries The heart was described as “somewdiat soft and flabbj 
showing no dilatation of the left side but marked dilatation of entire right 
side, both sides filled with firm current jellj clot, on the posterior leaflet 
of the mitral valve at its line of closure were three minute, w'hite, soft, acute 
vegetations ” There was passive congestion of the lungs, cloud}'- swelling and 
passive congestion of the liver, acute splenic h}perplasia 'and acute hemor- 
rhagic nephritis From the knee joint there was isolated the St}cplococcus 
pyogenes 

Case 76 (Fig 4) — The patient, aged 20, had been in the serMce sixteen 
months He was admitted to the field ambulance with shell wound of back 
At the casualty clearing station he had hematuria and vomiting, abdominal 



Fig 6 (Case 2) — Pulmonic leaflets showing massne vegetation 


section revealed no visceral injury but retroperitoneal and intraperitoneal hem- 
orrhage At the base a retroperitoneal abscess was opened and drained fol- 
lowed by left empyema Fie died after an illness of ten da}S At necropsy, 
twenty hours after death, it was found that the wound had penetrated the 
lower part of chest and had split the lower pole of the left kidney “Heart 
weighed 235 gm , showed a firm musculatuie and appeared to be normal except 
that the auricular surface of the right half of the posterior mitral leaflet was 
practically covered by a mass of small vegetations, soft, loosely adherent and 
salmon colored , the neighboring part of anterior leaflet showed a similar 
vegetation 2 mm m diameter, other valves, coronaries and foramen ovale were 
normal ” There was also a left sided empyema, acute purulent bronchitis, 
cloudy swelling of liver and kidneys, follicular hyperplasia of spleen and 
wound of kidney with practically no suppuration Cultures from the heart 
blood revealed pure growth Sfi epfocoeeus pyogenes 


III ACUTE PULMONARY VALVULITIS 

Case 2 (Fig 6) — The patient, aged 22, had been in the service twenty-four 
months He was admitted to the casualty clearing station with shell wounds 
of left thigh, left ankle, left buttock and face At the base hospital it was 
found that the ankle wound penetrated the ankle and tarsal joints and the 
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thigh wound was associated with a fracture of the femur He was ill twenty- 
nine days, during the course of which an abscess of left arm developed, also 
two abscesses of the thigh, cellulitis of the left ankle and bed sores The 
necropsy was performed twenty hours after death and the heart was described 
as follows “of about normal size, soft and flabby, shows slight general dila- 
tation, all valves normal except the pulmonary, all three leaflets of which shorv 
on the ventricular surface extensive flat, white, soft, easily detachable vege- 
tations covering the entire leaflet and extending slightly onto the wall of 
the septum, and showing three minute vegetations on the intima of the pul- 
monary artery ” There was associated miliary abscesses of the lungs, broncho- 
pneumonia, cloudy swelling of liver, acute splenic hyperplasia and acute 
nephritis From the lung abscesses there was isolated the St) epiococcns 
pyogenes and a staph 3 lococcus 

IV ACUTE TRICUSPID VALVULITIS 

Case 9 (Fig 7) — ^The patient, aged 29, had been in the service twelve 
months He was admitted to the casualty clearing station with “inflammation 
of connective tissue” of left foot and doubtful pleurisy of left side At the 



Fig 7 (Case 9) — Tricuspid valve showing triangular ulceration in the pos- 
terior cusp 

base hospital it was found that the “inflammation of connective tissue” had 
followed a blister of the left instep developing on a long march He was 
ill twenty-eight days, developing cellulitis of entire left lower extremity with 
inguinal lymphadenitis, left subacromial bursitis and multiple subcutaneous 
abscesses The necropsy was performed fourteen hours after death and revealed 
m addition to the above features, acute suppurative inflammation of the ankle 
joint particularly at the astragalo-scaphoid junction and gangrene of the great 
and second toes The heart was “soft and flabbj’’ with pallid muscle, normal 
v^alves except that the postenor leaflet of the tricuspid valve showed, near 
its attachment to the ring, a horizontal linear abscess 10 bj 2 mm in 
the substance of the valve, over which the auricular surface showed a group 
of minute, soft, white vegetations covering an area 4 bj 5 mm ” The lungs 
revealed one hemorrhagic infarct and a large number of small septic infarcts 
and abscesses, some of which are partially encapsulated, local acute fibrinous 
pleurisy, cloud} swelling and passne congestion of liver, acute hiperplastic 
splenitis, acute suppurative nephritis, occluding thrombo-phlebitis of left femoral 
veins The heart blood showed pure culture of Staphylococcus pyogenes aureus 
and this organism predominated in direct smears from abscesses in lunc^'; 
kidneys, thigh wound and thrombus of vein 
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V ACUTE AORTIC AND ^MITRAL VALVULITIS 

Case 14 — ^The patient, aged 29, had been in the service thirt 5 '-six months 
He was admitted to the casualty clearing station with shell wound and com- 
pound fracture of the right thigh, and superficial wounds of the leg, abdomen, 
chin and head During an illness of seven dajs signs of fracture of the skull 
and pneumonia developed At necropsy, eleven hours after death, “the heart 
v/eighed 420 gm , showed a thick, firm left ventricle and moderately dilated 
right side , the mitral leaflets showed numerous small clusters of minute, 
white, soft, firmly attached vegetations extending along the line of closure, 
the aortic leaflets sho\\ed less numerous similar vegetations along the line of 
closure particularly marked on the left posterior leaflet " The skull showed 
fracture with extensive subdural hemorrhage, the lungs acute purulent bron- 
chitis and extensive confluent bronchopneumonia, the liver cloudv swelling and 
fatty metamorphosis, the kidnejs cloudj swelling superimposed on slight chronic 
interstitial nephritis Cultures from the heart blood showed pure growth 
Sti cptococcns pyogenes 



Fig 8 (Case 75) — Mitral stenosis showing superimposed acute vegetations 

Case 21 (Fig 1) — The patient, aged 21, had been in the service sixteen 
months He was admitted to the casualty clearing station with shell wounds 
penetrating right elbow joint, right knee joint and buttock During an ill- 
ness of thirteen days the patient developed infection of knee and elbow joints 
and finally a meningitis At necropsy, twelve hours after death, the “heart 
weighed 300 gm, was markedly dilated on the right side, the aortic leaflets 
showed very minute soft white vegetations along the line of closure, the 
posterior leaflet of the mitral showed four such vegetations at the middle of 
the line of closure, left ventricular muscle was firm, and heart was other- 
wise normal” There was also acute purulent cerebral meningitis, passive con- 
gestion of lungs, liver and kidneys and slight chronic interstitial nephritis 
Cultures from the brain and the heart blood showed pure growth Stiepto- 
cocciis pyogenes 
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C\SE 40 — The patient aged 36 had been m the senice eighteen months 
He \\ as admitted to the field ambulance -w itli shell ound of tlie right leg 
left knee and right arm During an illness of four da >5 clinical signs of 
a streptococcus septicemia developed and gas gangrene of right leg for iNhich 
an amputation i\as made in midthigh At tlie necropsj fourteen hours after 
death the heart “iteighed 365 gm was ot dough} consistence witli epicardial 
congestion and hemoglobin staining ot the endocardium anterior and right 
posterior leaflets of aortic tahe showed seteral red soft terj minute ^ege- 
tations on the corpora Arantii extending slighth along the lines of closure 
similar tegetations were found at the right junction of the mitral leaflets 
approximate!} in the position of the line of closure ” There w as also gas 
gangrene of tlie right tliigh with tlie incident softening of all the organs and 
a chronic interstitial nephritis Cultures trom the heart blood showed no 
aerobic growtli anaerobicalh BoliIIus pcrfriugcns was found 

VI ACUTE SUPERIMPOSED OM CHROXIC VAL\ ULITIS 

Case 20 fFic 5) — ^The patient aged 34 had been in the service thirt}-fi\e 
months He was admitted to the casualt} clearing station with shell wounds 
of the right buttock and left elbow During an illness of fourteen da}s there 
were two hemorrhages trom the buttock wound and blood} stools (no per- 
foration of the gut) At necrops} two and a half hours after death the 
'heart weighed 320 gm and showed marked dilatation of the entire right 
side witli slight h}pertroph} of the left auricle mitral \ahe showed fibrosis 
adliesion slight retraction of leaflets and adhesion with slight shortening ot 
chordae tendineae along the line of closure were numerous millimeter-sized 
soft light }ellow ^egetatlons the stenosis was moderate, the orifice measur- 
ing 6 5 cm the aortic leaflets w ere normal except that along the line oi 
closure of each leaflet there were a few ^egetatlon5 similar to those on the 
mitral -vahes of the right side were normal’ There was, m addition gen- 
eralized icterus acute splenic Inperplasia witli multiple hemorrhagic infarcts 
acute nephritis acute fibnnopurulent pehic peritonitis acute pseudomem- 
branous enterocolitis Cultures from the heart blood showed pure growth 
Staphylococcus pyogcucs aureus 

Case 75 (Fig 8) — ^The patient aged 37 had been in the service tliirt}-six 
montlis He was admitted to the casualt} clearing station with superficial 
wound of chest and penetrating wound of pehis not involving tlie gut Dur- 
ing an illness of eight da}s signs of pneumonia developed At necrops} four 
hours after deatli the heart “weighed 350 gm and showed slight Inpertroph} 
of the left auricle tlie mitral leaflets were tliickened somewhat retracted and 
adherent, associated witli thickening and adhesion of tlie chordae tendineae, 
at tlie right junction ot tlie leaflets on tlie auricular suriace was a mass of 
dark brown soft firmly adherent acute vegetations 5 mm in diameter aortic 
leaflets were diffuse!} thickened not retracted but showed adhesion of right 
posterior and anterior leaflets as far as tlie corpora Arantii associated witli 
stiffening and calcification otlier valves coronaiy arteries and foramen 
ovale were normal ’ There was also multiple sepnc intarction of the lungs 
bronchopneumonia acute fibrinous pleuns} acute splenic Inperplasia and 
embolic abscesses of the kidne}s Cultures from the heart blood showed pure 
growth Staphylococcus pyogcucs aureus 
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PATHOLOGIC REPORT ON FORTY-THREE CASES OF 
ACUTE POLIOMYELITIS 

H L \BRAMSON, MD 

NEW •iOPK 

The moibid anatomy of acute poliomyelitis has received careful 
and painstaking study by a number of European pathologists 

Rissler^ was the first to describe the anatomic changes in the 
central neivous system, with a report of three cases, in 1888 The 
changes described were confirmed by a number of other students of 
the disease, chief among whom are Wickman" with a report of four- 
teen cases, Harbitz and ScheeP with nineteen cases, and Strauss^ vith 
eight cases 

These anatomic studies aie confined chiefly to the ner\ous elements 
of the body, comparatnely little attention having been paid to the 
other organs Flexner, Peabody and Draper^ studied eleven acute 
cases with special refeience to the changes in the organs other than 
the central nervous system They found constant changes in the lym- 
phatic structures throughout the body and called attention to focal 
degenerative lesions in the liver The changes in the lymphatic tissues 
consisted chiefly of hyperplasia of the reticular and endothelial cells 

Though the changes in the central nervous system of acute polio- 
myelitis as described by Rissler have been confirmed by all subsequent 
workers in this field, two schools of opinion have developed as to tlie 
interpretation of these changes One group, headed by Rissler, 
believes that the nerve cell destruction is the primarj’- change and that 
the cell reaction or inflammatory change has been called forth by the 
presence of the virus in the affected part Monckenberg® and Cassierer' 
agree with Rissler, inasmuch as they have studied cases in which there 
were marked nerve cell destruction Avith a minimum of interstitial 
reaction Wickman,- Harbitz and ScheeP and others consider that 
the interstitial process is the piimary stage and that the ner\'’e cell 

* Submitted for publication Maj^ 15, 1918 

* From the Bureau of Laboratories, Department of Health 

* This report was ready for publication m Januar}^, 1917, but was delayed 
on account of technical difficulties In the series of articles on Pohomjehtis 
m The Archwes, September, 1917, a part of the first article was incorrectly 
headed Part II, Pathologic Studies 

1 Rissler, John Nord Aled Ark, 1888 

2 Wickman, Ivan Nervous and Mental Disease Monograph, Series 16 
Harbitz and Scheel Deutsch med Wchnschr , 1907, p 48 

4 Strauss, J Arch Pediat , August, 1910 

5 Flexner, Peabody and Draper Jour Am Med Assn , 1912, 58, 109 

6 Monckenberg, J Munchen med Wchnschr , 1903 

7 Cassierer Neurol Centralbl , 1898 
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degeneration is secondary to the interstitial changes Wickman has 
never found ganglion cell destruction without interstitial lesions On 
the other hand, he has found interstitial changes without ner\e cell 
degeneration Harbits and Scheel state further that the disease is a 
blood borne infection, the virus lodging first in the meninges, and that 
it spreads from this site to the nervmus tissue proper 

Forssner and SjovalP first called attention to the importance of 
neurophagocytosis m the production of the histologic picture of this 
disease 

■ The epidemic of the summer of 1916 furnished the opportunity 
for the postmortem stud)^ of forty-three patients v ho had acute polio- 
myelitis, forty-one of vhom died in the acute stage Thirty-five vere 
cases from the Willard Parkei Hospital, and six were in private resi- 
dences Material® from two were sent to the laboratory for diagnosis 
Eight cases other than poliomyelitis came to the necropsy table from 
the pohom)’’elitis wards Four of these proved to be tuberculous 
meningitis, one lobar pneumonia, one congenital heart disease, one 
purulent pericarditis, purulent pleuritis, bronchopneumonia and gen- 
eral pyemia, one, intracranial hemorrhage 

The poliomyelitis cases as to sex, age and duration of illness are 
divided as follow 


Age Xumber 

Up to 1 jear 8 

1 to 2 }'ears 8 

2 to 3 j'ears 13 

3 to 5 years 2 

5 to 10 years 4 

10 to 16 jears 1 

Over 16 years 5 


Up to and including 5 jears, there vas a 
total of 31 or 75 5 per cent 
Males, 28, females, 13 


Duration 
of Illness 

3 days 

4 dajs 

5 daj's 

6 days 

7 daj's 

8 to 11 dajs 
Over 12 dajs 
Undetermined number of 


davs 


Xumber 

10 

5 

6 
5 
5 
4 
4 
2 


Thirtj -one, or 75 5 per cent of the patients 
died vithin the first veek after onset 


The clinical classification as to types is based on the evidence of 
anatomic lesions Thus, all cases exhibiting involv ement of the lov er 
motor neuron were called spinal cases These vere again divided 


8 Forssner and Sjovall Ztschr f klin Aled , 1907 

9 Xo history obtained of sent-in cases 
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into two classes one m which the process begins in the lumbosacral 
cord and progi esses upward involving the arm and respiratory centers, 
and the other, in which the process begins in the cervical and bulbar 
regions or in the gray matter from which the cranial nerves ha\ e their 
origin Those cases exhibiting disturbance of upper motor neuron 
or other disturbance of the sensorium belong to the cortical type 
Those cases showing only marked meningeal symptoms n ere considered 
to be of the meningitic variety They are as follows 


Tj'pe of Cases Number 

Ascending spinal 17 

Upper spinal 18 

Cortical 2 

Meningitic 4 


In one of the ascending spinal cases the patient stirvned the polio- 
myelitis infection and died of lobai pneumonia thirt}-foiir days after 
the onset of illness Another patient belonging to the upper spinal 
group, died of acute gastro-ententis twenty-eight days after the onset 
of the poliomyelitis infection 

The gross changes when m the brain were chiefly those of varying 
gi ades of congestion of the pial and parenchymatous vessels , of edema 
of the pia and brain substance In a few instances, the brain tissue 
was of softer consistency than normal One brain, in a man of 27 
years, besides intense congestion and edema, presented extreme soften- 
ing in one hemispheie involving the motor area and a great portion of 
the parietal lobe in which lies the sensory aiea Clinically, this man 
presented a hemiplegia and hemianesthesia of the opposite side The 
brain tissue was reduced to mushy consistency with multiple hemor- 
rhagic flecks throughout the cut surface No gross hemorrhage was 
visible and the spinal fluid was clear, with changes such as one would 
find m poliomyelitis The Wassermann was negative This is the 
only cortical case of simulating apoplexy that came under observation 
at the Willard Parker Hospital among a great number of cases The 
changes in the spinal cord were observed mainly on cut sections 
through the pons, medulla and upper cervical portion, it being our 
intention to preserve as much as possible of the material in a clean 
state for cultures, microscopic study and animal experimentation The 
cut sections presented degrees of hyperemia and swelling of the 
gray matter The gray "H” bulged above the level of the surrounding 
white matter and was sharply demarcated from same In marked 
cases, the gray matter was simply pmk tinged and easily marked off 
from surrounding white matter Sections through normal cords fail 
to show the ready differentiation between gray and white matter winch 
IS to be observed in cords from poliomyelitis infection In some cases 
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the edema involved the white mattei as well and appealed to soften 
the cold as a whole 

The heait and lungs showed no stnkmg changes, except that pi ac- 
tually all of the lungs piesented acute edema and congestion incident 
to the paialysis of lespiration 

The liver and kidneys showed vaiying degiees of acute congestion, 
and in some cases, parenchymatous degeneiation 

Paiticulai attention was paid to the lymphatic stiuctuies, as some 
obseiveis contend that lymphoid tissue plays a considerable role in 
the pathologic pictuie of acute poliomyelitis The l3mphoid stiuctures 
of the small intestines, the Peyei’s patches and solitaiy follicles, in a 
numbei of instances, ueie consideiably laised and leddened There 
were no indications of ulceiation The mesenteiic lymph nodes weie 
enlaiged and leddened The spleen, m many cases, showed marked 
congestion and moie oi less piommence of the malpighian bodies 
Following IS a tabulation of gioss changes as descnbed in the 
foiegoing 

Not Noted or 

Present Absent E\amined 


Brain 

35 

5 


Cord 

20 

5 

15 

Intestine 

16 

8 

16 

Mesenteric nodes 

19 

10 

11 

Spleen 

18 

16 

6 


A numbei of the neciopsies weie gi anted only foi the examination 
of the biam and coid, and this fact accounts foi the incompleteness 
of the data as to the other oigans 

The micioscopic pictures of the cential neivous system m this 
study coiiespoiid closely with those descnbed by Risslei, Wickman 
and Haibitz, and Scheel The disease process involves all the elements 
that entei into the makeup of the cential nenous system 

The pia mater m most cases was affected most sevei ely m that poi - 
tion which IS opposed to the most se^ele piocess in the subjacent 
cold Thus, 111 the ascending spinal type the most maiked changes 
aie to be found in the pia of the lumbosacral legion, whereas m the 
uppei spinal type the sevei est changes will be found in the pia of the 
upper cold, medulla oi pons Howevei, quite a number of sections 
presented intense lound cell infilti atioii of the coid proper, whereas 
the pia of the corresponding level show^ed little or no cell iinasion 
These changes consist of congestion of the blood lessels, lound cell 
uifiltiation of vaiyiiig degiee, both around the blood lessels and also 
diffusely m the iiitei stitial tissue and edema, all of wdiich produces a 
thickening of the membrane Of the thirty-nme cases, only twm failed 
to show^ infilti ative changes in the pia of the cord m any of the sections 
studied In six, these changes weie ^er3" slight, consisting mainly of 
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congestion and a slight degiee of peiivascnlar infiltration Two of 
these were seven and five day upper spinal cases In the five day 
case, lesions weie found only in the pons and medulla In one of 
the remaining cases the inflammatory changes both m the pia and cord 
proper were slight, but the extent of neive cell destruction was out 
of pioportion to that of the inflammatory process In another case, 
while theie was only a consideiable degree of congestion and edema 



Fig 1 — Cord showing considerable round cell infiltration Two of three 
nerve cells are fairly well preserved One of these, however, shows early 
phagocytosis 

of the pia without cellular infiltration, the gray matter was densely 
infiltrated with cells 

The pia of the brain and cord presented changes varying from 
simple congestion and edema to a marked degree of cellular infiltra- 
tion and thickening of the membrane 

SPINAL CORD 

The spinal cord presented changes of the most severe type usually 
in that part of its extent that was diseased as indicated clinically by the 
flaccid paralysis, usually in the lumbar and cervical enlargements 
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These changes consist of -san'ing degrees of peruascular inhltration, 
diffuse interstitial cellular infiltration of the gray matter and occa- 
sional!) of the hite matter , of degeneration and phagoc) tosis of the 
ganglion cells most marked as a rule m the anterior horns and 
some degree of edema Ten of thirt)'-nine cases examined exhibited 
hemorrhage m one or both anterior horns Cords m Inch hemorrhage 
occurred presented evidences thereof at all le\el5 m var)ung degree 
The gray matter as particularly affected Ganglion cells \\ ere se\ erely 
damaged There ivas ho\\e\er, little or no round cell infiltration 
There nas marked edema The most marked ruptures occurred m 
the anterior horns and in one the horn was almost completely 



Fig 2 — Section of cord, marked nerve cell degeneration v ithout round 
cell infiltration 

destro 3 ed by the extravasation Fibrin deposit or other e\idence of 
thrombosis as not noted m any of the ^ essels 

The perivascular infiltration is most marked as a rule about the 
vessels m the anterior and posterior median fissures, and m the 
vessels of the tips of the horns The vessels of the horn proper sel- 
dom show a marked degree of pernascular infiltration vhereas the 
ti\o vessels, one on each side of the central canal while they exhibit 
extreme dilatation and congestion ha-ve not presented infiltration in 
any of the cases studied thus far 
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The most intense diftuse infiltiation is usually to be found in the 
anterioi hoi ns In most of the cases studied, howe\er, the whole of 
the gray matter participated, sometimes moi e on one side than another 
In one case the poster loi hoin showed the greater cellular infiltration 
It was noted, too, m a numbei of cases that where the diffuse inter- 
stitial infiltration was marked, the pernasculaar change was less 
marked and vice versa In a few cases it was noted that at the lower 
levels of the cord the diftuse infiltration was marked and the peri- 
vascular changes not very severe, wdiereas at the upper levels of the 
same cord the peiivascular infiltration was \ery seiere while there 



Fig 3 — Section of cord showing considerable nerve cell degeneration with 
little or no cell infiltration 


w^as little or no diffuse interstitial infiltration This would indicate 
that the penvasculai infiltration piecedes the diftuse cellular infiltra- 
tion and that the latter is deiived fiom the foimer 

The cellular exudate consists laigely of mononucleai cells, wnth a 
small spi inkling of polymoiphonuclear cells In tw'O of the cases, 
the polymorphonuclears w'^ere the piedommating cells The mono- 
nuclears are of twm varieties, one, wnth a round, deep blue, eieiily 
stained nucleus wnth only a scanty amount of protoplasm around it, 
the other, wnth a nucleus wdiich may be round oi ovoid, pale staining, 
reticulated nucleus and a moderate amount of protoplasm around it 
This ^ the polyblast as described b} Maximoi It pi obably represents 
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the first t}'pe m an act-ve state Ttie n-tcle of the poH oiast ass jme oca 
shapes seen as tlie demobeli. and the crescent In some ceils there is 
a Qivisloa of the nuclear matenal fomtjng the poh form cells desertoed 
by Flexner as being present in the spinal huid of monkey pokoni’ ehrs 
The hrst rrpe of moronaclear cell predominates :n the penvascular 
imiitrations vhereas in the dinuse interstiral inhltrations the poly- 
blast is the predominating ceh npe This peculiar diStnOLitton can De 
readily expla'ned by supposing that the cells in tne penvascaiar inf 1- 
tratxon are in the process of moo.hzation vrhereas those of tiie irte-- 
stitial tissues are in tne actn.e nrocess of destro'cns" tre \in-s and 
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carrvnng o£ destroyed nem-e cells This vrould account for tne cange 
of the mononuclear into the pohcblast The sOi.rce of these cens .s 
undoubtedly the hmipbatic system vhich discha-ges theri i-to the 
central nercous system directly hy the penvasoilar hnnph spaces ana 
indirectly by the olooa stream It is possmie that tne gha taues part 
in the acute inhltratix e process out it is not ver}' prooable Cenai'^^^ 
the glia cells of the vhite matter shov ver;* little actiVit}*. ana .t trey 
V. ere responsme to tre in\as-on of the virus, it is to be expectec ti at 
they vrould proliferate more than is endent from study of t.'e sec- 
tions 'There can be no doFot as to the part the gl a plays in the 
process of repair, but ti'ejc participate httle if an_v in the acute irnu'c- 
tive process 
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Infiltration of the tissues with fluid was noted as being present in 
the gray matter in varying degiees and in not a few instances also in 
the white mattei The edema appeals to make the tissue more spong}' 
and sepal ates the leticular meshwoik As Wickman has pointed out, 
the recession of edema may have much to do with the rapid disappear- 
ance of paralysis that is often observed m this disease 

Destiuctive eflects on the nerve cells weie noted in all the cases, 
those most commonly aftected being in the anterior horns Clarke’s 
column suffered in those cases in which the posterior horns were 
markedly affected In most cases, the intensity of the nerve cell 



Fig 5 — Pia from brain showing great thickening due to edema and cellular 
infiltration Blood vessels aie dilated and engorged 


destruction varied diiectly with the degree of interstitial cell infiltra- 
tion There weie many sections, howevei, in which the nerve cell 
destruction was markedl}’’ out of proportion to the degree of cellular 
infiltration A number piesented extreme ganglion cell destruction 
with practically no interstitial change On the othei hand, there were 
cases with marked cellular infiltration in which the cells were ni fair 
state of preservation These aie observations that corroborate the 
findings of Rissler and his followeis 

The changes in the nerve cell progress from the loss of the Nissl’s 
granules to complete hyalinization, in which all nuclear material iS 
absent In those cases in which the cell infiltration is marked, hardly 
a nerve cell is to be found Here also are to be seen pol3^blasts 


SEPTEMBER, 1918 


ACUTE POLIOMYELITIS 


323 


ananged in small groups in positions formerly occupied by nerve 
cells This repiesents complete phagocytosis Othei degenerated nerve 
cells are to be seen in the process of being invaded by polyblasts In 
those cases in which the cellular leaction is not marked and where 
considerable nerve cell damage exists, there are to be seen numbers of 
nerve cells in the state of hyaline degeneration On the other hand, 
as already stated, wheie there is a marked cell reaction, there are few 
nerve cells to be seen This is an observation which is pertinent to 
the question of the role performed by the interstitial elements in the 
pathology of this disease 



Fig 6 — Section of lung showing thickened alveolar walls due to infiltration 
with small round cells 


The pons and medulla exhibited lound cell infiltrations and degen- 
eiative changes in thirty of the thirty-five cases examined The 
remaining five showed marked congestion of the blood vessels In 
one case, the pons and medulla presented the only changes found in 
the central nervous system The cell infiltrations for the most part 
were located in between the bundles of fibeis, with no tendency to 
localize in anj'- particulai region Raiely weie they found in the 
region of the nuclei In nine of the cases there uas marked diftuse 
infiltration One section presented a large hemoirhage The neive 
cell changes were not as marked as in the cord Often one group of 
neive cells exhibited degenerative changes, uhereas an immediately 
adjacent group would appeal quite normal 
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The changes in the ceiebrum and cerebellum weie very mild when 
compaied with those in the cord The most common change con- 
sisted of engoigement of the vessels, the endothelium of which had 
the appearance of being swollen In fourteen of thirty-seven cases 
the brain exhibited veiy mild cell reactions, consisting in slight degree 
of peiivasculai infiltration and, in a few cases, in an accumulation of 
cells apart fiom the vessels The neive cells exhibited no degenera- 
tive changes The ceiebellum exhibited similar changes m five of 
thirt3''-three cases examined These changes weie most commonly 
found below cellulai layeis m the cerebium and below the granular 



Fig 7 — Section of kidney showing round cell infiltration and degeneration 
of glomeruli and tubules 


and Purkmje cell layers in the cerebellum, m among the fibers radiat- 
ing from the cortex It is unfortunate that the sections of the two 
cortical cases have been lost, as they would undoubtedly have presented 
interesting changes 

CHANGES IN OTHER ORGANS 

Careful studies were made of the lymphatic stiuctures, particularly 
the agminated and solitary follicles of the small intestine, the mesen- 
teric lymph nodes and the spleen The thymus gland was studied in 
a few cases Of twenty-nine cases in which the small intestine and 
mesenteric nodes were examined, sixteen presented distinct changes 
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In twenty-one of thnty-one cases the spleen presented similai changes 
These consisted of a simple congestion of the blood vessels and dis- 
tinct prolifeiation of the reticular cells, and marked hyperplasia of 
the endothelial cells The germinating centeis weie increased m 
numbei and size and were veiy active Modeiate numbers of mitotic 
figures were present The spleen in a number of instances presented 
intense congestion which dominated the picture In no case was there 
attempt at ulceiation of the intestinal mucosa over the lymphatic 
structuies, and the adjacent mucosa failed to present cell infiltiation 
such as one would expect m case of an active local inflammation, as in 
typhoid fever In a number of cases, the lymphatic nodules adjacent 
to the bronchioles in the lungs exhibited changes as above desciibed 



The lung capillaries were very often intensely engorged and toituous 
In a number of cases an vesicles presented an accumulation of fluid 
and desquamated epithelial cells The majority of the lung sections 
examined presented a marked thickening of the ah eolar u alls, due in 
pait to engoigement of the capillaries, but in the mam to round cell 
infiltiation Some of the blood vessels presented a narrow collar of 
these cells very much like the perivascular changes observed in the 
cord proper These changes may be the pathologic basis of the 
so-called ‘'paralytic rales’ observed by Louria 

The heart piesented congestion of the small \essels, in man} of 
which theie w^as evidence of hyperplasia of the endothelial cells In 
some instances there was slight peinascular arrangement of mono- 
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nuclear cells, such as Wickman had described in the subpencardial 
fat These changes weie noted only about thin walled vessels in the 
connective tissue septa between the muscle bundles The larger, thick 
walled vessels did not exhibit such changes The muscle fibers showed 
no pathologic change 

The liver, in quite a numbei of instances, exhibited an increase in 
small lound cells in Ghsson’s capsule and some of the thin walled 
vessels presented endothelial hyperplasia The entire vascular system 
was intensely engorged in many instances Focal necroses such as 
desciibed by Flexnei, Peabody and Draper, were not noted, though 



Fig 9 — Section of cord Marked diffuse infiltration, very slight perivascular 
cell infiltration 


m some cases there was marked hyaline degeneration of liver cells 
throughout a section and not localized in foci 

The kidneys in practically all instances weie intensely engorged 
throughout both the cortex and medullary portion In some cases 
there was to be seen hyperplasia of the endothelium of the mal- 
pighian tuft, so that it would appear as a ball of cells These tufts 
appeared slightly smaller than adjacent tufts in which this hyperplasia 
was absent, perhaps due to the weight of the cells which prohibited 
the dilatation of the capillaries Only occasionally was there ei idence 
of parenchymatous degeneration In two cases the kidneys presented 
focal accumulations of round cells, chiefly in the cortex There was 
no evidence of a chronic inflammatory process such as one would 
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encounter in tuberculosis The masses of round cells were disposed 
particulaily around the glomeruli and produced degenerative changes 
m these, possibly by pressure The cells infiltrated the spaces between 
the tubules, distorting relationship to each other and to the glomerulus 
The tubular epithelium presented granular degeneration Bowman's 
capsule was swollen and presented hyaline change The capillaries 
were engorged The changes presented all the characters of an acute 
process, except that the cell element was the mononucleai instead of 
the polynuclear Whether these kidney changes are manifestations 
of the systemic disease is problematical However, they are suggestn e 



Fig 10 — Section of cord showing intense diffuse cell infiltration but no 
perivascular infiltration 


The pancreas and suprarenal capsule, aside from congestion and 
occasionally hyperplasia of the lymphatic elements, presented little 
that was abnormal 

The question aiises, what is the significance of the changes obsened 
in organs other than the central nervous system^ The changes in the 
intestine are not such as to lead one to suspect it as being the portal 
of entry The changes in the lymphatic s} stem and endothelial h) per- 
plasia observed m the other organs are undoubtedly a general response 
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of the body cells to an intense local infection situated in the central 
nervous system Poliomyelitis is a local infection inasmuch as the 
chief anatomical lesions are situated m the central nervous system, 
but this local condition may engender a general response, just as in 
pneumonia the lung is the focus and the toxemia and the defensive 
response are general The changes in the organs other than the cen- 
tral ner\ ous system are not of a destructn e character, but rather of a 
defensne nature 



Fig 11 — Section of cord Pernascular cell infiltration, very little diffuse 
infiltration 


PATHOGENESIS 

The question of pathogenesis has dn ided the workers in this field 
into two groups One contends that the damage to the nerve cell is 
the primar}^ lesion and the CA'idences of inflammatory changes are 
secondary , the other, that the inflammatory changes are the direct 
cause of the changes observed in the nerve cells CharcoP” was the 
first to bring forth the first view He was supported in this Aien b)’^ 
Rissler, who ivas the first to describe the pathologic changes in acute 
poliom} ehtis 

Roger and Damaschino” A\ere the first to advocate the primary 
importance of the interstitial changes They haAe received strong 

10 Charcot and Jaffray Arch physiol norm et pathol , 1870 

11 Roger and Damaschino Rev de med, 1881 
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support from Wickman and Harbitz and Sclieel, and a number of the 
more recent students of the disease ^^bckma^ differs from Harbitz 
and Scheel m that he behe\ es that the \ irus reaches the spinal cord b} 
the uay of the perineural lymphatics, whereas the latter authors con- 
tend that the path of infection is through the blood stream 

That the Mrus of poliomyelitis has a specific affinity for the ner\e 
cells of the spinal cord, particularly those of the anterior horn, is indi- 
cated by the fact that no matter where the Mrus is introduced it 
reaches the spinal cord, wdiether by the subcutaneous, blood, intestinal, 
respirator}'' or intracerebral routes The behavior of the \ irus in this 
respect is analogous to that of rabies The bulk of experimental 



Fig 12 — Section of cord Marked pernascular cell infiltration, slight dil- 
fuse infiltration 


e\ idence thus far adduced strongl} indicates that the \ irus reaches the 
central nervous system by way of the perineural hmph channels It 
has been proved that the rabic \irus takes a similar path to reach the 
central nenous system The inajorit} of the workers concede that 
the perineural lymph route is without a doubt the path of infection 
Harbitz and Scheel, howcAer contend that the Aims reaches the pia 
from the blood and spreads from this site to the cord itself along the 
sheaths of the blood Aessels Experimental AAork, hoAACAcr has not 
suppoited this idea 

It Avould appear that Wickman s ideas of the pathogenesis are 
someAAhat inconsistent To grant that the Aims reaches the cord by 
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the perineural lymph channels, that the lymph which bathes the nen^e 
cell contains the rirns of poliomyelitis, and }et to consider that the 
nene cell destruction is brought about b} the interstitial phenomena 
IS at ranance uith uhat is logical in such circumstances Further- 
more, Rissler, Cassierer and also the present study, present eiidence 
uhich uould indicate that the marked nerre cell destruction can exist 
uith a minimum of inflammator} reaction Kling, Petterson and 
^^'ernstedt’- har e obseri ed changes in monkey poliomyelitis which 
they described as purel} degeneratne in character Because inter- 
stitial changes occur in the great majorit} of cases along uith nerve 
cell changes is no reason for the assumption that the former produces 
the latter The fact that there is e\ idence, e\ en though small m 
quantity, that ner\e cell destruction may be present uith a minimum 
of cell reaction is sufficient to orerbalance the fact that nene cell 
destruction is so pre\ alent in sections showing marked cellular infiltra- 
tions To assume that pol} blasts hare the power of inradmg healtli} 
and intact nerve cells and destro3nng them, is rather far fetched A 
more logical assumption w’ould be that the ner\e cells being destroyed 
or damaged are fit subjects for the phagocytic activities of the poly- 
blasts This, too would explain why in those sections that present 
marked cell destruction there is a marked accumulation of pol) blasts 
Furthermore, it would explain wh) apparently health} and intact 
nerve cells are present in the midst of a densely infiltrated zone w itli- 
out the sign of being subjected to phagocytosis Those cases in which 
the interstitial change is so slight though there is considerable cm- 
dence of ner\ e cell destruction, can be explained by diminished abiht} 
to react to the ^ irus w Inch primarily affects the ner\ e cells 

The pathogenesis of acute polioni} elitis, in the opinion of the 
writer is as follows 

The virus has a special affinit}”^ for nen e cells, more particularly 
the anterior horn cells It reaches the central nerious system by waj 
of the perineural lymph channels The process spreads in the central 
nervous system by the lymphatics The congestion, edema and cellular 
infiltration, whether present in the pia or in the cord itself, are the 
cardinal elements of an inflammatory reaction m response to injury 
produced by the activity of the virus m the cord The neurophago- 
c)i:osis is not an actne primar}-^ destructne process, but rather the 
exercise of the known normal functions of leukocytes that of carrying 
off destroyed material The congestion and edema, undoubtedly, play 
a considerable part in the production of transient paraljsis through 
pressure effects 

12 Kling, .-Petterson and Wernstedt Ztschr f Immunitatsf , 12 , 316 and 
657, 14 , 303, 1912 16 , 17 
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FURTHER OBSERVATIONS ON THE ABERRANT ELEC- 
TROCARDIOGRAM ASSOCIATED WITH SCLEROSIS 
OF THE ATRIOVENTRICULAR BUNDLE 
BRANCHES AND THEIR TERMINAL 
ARBORIZATIONS 

CLIXrCAL AXD HISTOLOGXC REPORT OF A CASE IX HIGH SUCH 
ABERRAXT COMPLEXES WERE OBTAIXED 

EDWARD PERKINS CARTER, MD 

CIXreLAXD 

In a previous paper^ we reported the clinical observations on 
tw^’enty-tuo cases in which aheirant electrocardiograms were obtained, 
attributing the abnormal type of the ventricular complex to a tem- 
porar}’- or permanent defect in conductivit} of the branches of the 
atrioventricular bundle 

As characterizing the essential difference between the ahcnant 
electrocardiogram and the normal type, w’e emphasized the prolonga- 
tion of the P-R interval be 3 mnd 0 20 second , the increase m the dura- 
tion of the QRS interval beyond 010 second, particular!) when it 
constitutes more than one third of the duration of the entire complex 
the deflection of the T-wa\e m a direction opposite to that of the 
prominent initial deflections, with frequent conspicuous exaggeration 
of its amplitude, the relatneh increased amplitude of the initial deflec- 
tions of the ventricular complex in an opposite direction in Leads I 
and III, often markedly notched, and finall), the tendency of these 
deflections to assume a diphasic rather than a triphasic or quadriphasic 
type 

In this earlier report, based wholh on material collected in Dr 
Lewis’ laborator)' in London no attempt was made to discuss the 
nature of the histologic changes in an) of the cases of this series that 
came to necropsy The ts idence for our conclusions as to the nature 
of the defect in conductnity was apparently well established by the 
then available experimental work of Eppinger and Rothberger- b) 
the obsen ations of Eppinger and Stoerk" w ho had in tw o cases, con- 

* Submitted for publication Apnl 12, 1918 

*From the iledical Clinic of the Cleveland Citv Hospital and the Wcitern 
Reserve Unuersitj 

1 The Archives Ixt Med, 1914, 13, 803 

2 Eppinger and Rothberger Ztschr f klin Med , 1910, 70, 1 

3 Eppinger and Stoerk Ztschr f khn Med , 1910, 71, 157 
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firmed by a histologic examination the clinical diagnosis, made from 
the electi ocardiogi am, of a lesion of the right branch of the atao- 
ventiicular bundle, and by the case leported by Cohn and Lewis^ of 
atrial fibi illation and heart block, m which the histologic examination 
showed a destruction of botli branches of the atrioventricular bundle, 
the electiocardiogiams obtained from this case being practically iden- 
tical with the Clines obtained fiom a similm cxpoimcntal lesion by 
Eppinger and Rothbeiger 

111 a pievious repoit of foui cases characterized by abnormal elec- 
tiocaidiograms, Matheii son"’ asserted that “in the present state of our 



t — March 21, 1916 The P-R interval measures 0 24 second The 
QRS measures 0 16 second The T-wave is inconspicuous, especially m 
Lead II It is upright in Lead I and inverted in Lead III The QRS complex 
shows more than a simple notching, having a distinct triphasic cha^'acter It 
cannot be said that the conspicuous initial ventricular deflections a^e in a 
direction opposite to each other in Leads I and III Their voltage as 
expressed by amplitude is low This record taken on admission to the hos- 
pital befoie digitalis was given 

In this and the succeeding figures 1 scale of divisions of oi^dinates equals 
10''‘ volts, 1 scale of the abscissae equals 0 04 second 


knowledge, the alterations m the electrocardiographic curves may be 
regarded as indicating interference with the normal stimulus conduc- 
tion in the branches of the bundle ” 


4 Cohn and Lewis Heart, 1912, 4, IS 

5 Mathewson Heart, 1913, 4, 385 
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Since the publication of our earlier series we hare learned*^ that 
tour of the hearts included in this report did not sho\\, on histologic 
study of the material available, any evidence of definite lesions of 
either branch of the atrioventricular bundle 

In a recent paper Oppenheimer and Rothschild' report a study 
of sixty-two cases characterized by abnormal electrocardiograms, 
together with the results of a detailed histologic study of eleven of the 
hearts obtained from the fourteen necropsies in the twenty-five known 
fatal cases of their series Thirteen of these hearts showed a widely 
disseminated patchy sclerosis of the myocardium, predominating in 
the endocardial and subendocardial lajers, these changes being grossly 



Fig 2 — Maj 10, 1916 The P-R intenal measures 024 second The QRS 
interval measures 016 second The T-wave is still inconspicuous In Lead I 
the P-wa\e is to be made out The conspicuous initial \entricular deflections 
are triphasic in Leads I and III, and of relatively lov/ amplitude In Lead II 
the notch comes on the descent of R almost at the iso-electric le\el In Lead 
III R IS conspicuous luth a notched peak and is followed bj a curiou'-b spot 
complex After digitalis 

more marked m the left than m the right ^entncle Eight hearts 
show^ed also coronary arterj' sclerosis with occlusion of the anterior 
descending branch of the left coronar}% while four showed nodular 
sclerosis of the coronary arteries wnth no occlusion 


6 Personal communication 

7 Oppenheimer and Rothschild Joir Am Aled Assn, 191/, 69, 429 
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These observeis fuither emphasize as the criteria for determining 
the abnormal electrocardiogram the prolongation of the QRS complex 
beyond 0 10 second, the notching of R, and call attention to the low 
voltage, as expressed by the low amplitude of the deflections in all 
three leads and the absence of the typical diphasic curves with large 
T'-waves seen in expeiimental bundle lesions Referring to the earlier 
series of cases reported by the writer they say that they regard most 
of them as cases similar to those they describe, and call attention to 
the existing discrepancy between previous electrocardiographic inter- 
pretation and the pathologic findings 

In the light of our present knowledge of the occurrence of widely 
scattered foci of scleiosis involving chiefly the terminal fibers of the 



Fig 3— Oct 29, 1916 On readmission The P-R nterval meabures 026 
second The QRS interval measures 0 16 second The T-wave is slightly more 
conspicuous and in a direction opposite to the conspicuous initial ventricular 
deflections The QRS complex shows the same bizarre type of triphasic char- 
acter, this being especially marked in Leads I and III Before digitalis 

conduction system and giving rise to a conspicuously altered QRS 
complex, It IS apparent that we must revise our clinical interpretation 
of the aberrant electrocardiogram 

In a study of a fairly large senes of cases throughout the past two 
j'Cars we have been impressed by the frequent occurrence of aberrant 
electrocardiograms characterized by curves of low amplitude in all 
three leads and an absence of the large diphasic curves so closely 
simulating the experimental bundle lesion In some instances we have 
been astonished by the occurrence of curves of low amplitude alternat- 
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i-g ith cun-es of high amplitude in the same individual, occasionally 
seen at but short internals of time We have also been impressed by 
the frequent occurrence of prolongation of the QRS complex with 
bizarre notching, and the constancy of the opposite direction of the 
initial deflections in Leads I and III, in the absence of any increase in 
the P-R inten-al, and by the obsenation that the QRS complex, 
although prolonged, does not m many instances, at least, attain a dura- 
tion of one-third of the entire ventricular complex 

The final deflection T' appears houever, remarkabty constant m 
Its direction opposite to that of the conspicuous initial deflections in 



Fig 4 — Oct 29, 1916 In order to bnng out the essential features of the 
electrocardiogram this record was taken with the plate dropping at a speed 
of 6 8 cm per second The low amplitude and the bizarre tj'pe of the ven- 
tncular complex are plainh seen in all three leads Before digitahs 

Leads I and III, being inierted in Lead I and upright in Lead III, 
vith the single exception of case 299 in our series In case 248, cited 
later, this inversion is, of course, reiersed during the paroxysmal 
attack, appearing in a direction opposite to that of the conspicuous 
initial deflections both dunng the presence of the normal and the 
abnormal mechanism 

What IS most interesting is the fact that w e ha\ e seen but a sinde 
instance simulating the experimental cur\'es of a left bundle lesion, 
such as ilustrated Case 13 of our earlier series and this only during 
an attack of paroxysmal tachycardia (Case 248, Fig 7) 
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These points are clearly shown in the accompanying Table, in 
which we have grouped in tabular form thirteen cases showing con- 
spicuous aberrant electrocardiograms taken from the last 108 of our 
serial cases 

There are but two cases of this series which merit any detailed dis- 
cussion The chief points of the aberrant electrocardiogram that we 
wish to emphasize and Avhich are brought out by the case reported 
herewith m detail, and not included in this table, are seen at a glance 


TABLE 1 — Cases Showing Co' spicuous Aberrant ELECTRoCiVRDioGRAMS 


Serial No 

Duration 
of PR 
interval* 

1 

Duration 
ol QRS 
Complex 

Duration 
of Total 
Ventrlc I 
ular 

Complex 

! ' 

Notching 

of 

R and S 

Direction 
of Initial 
DeOcctions 
in Leads 

I and III 

! 

Direction 
of T' in 

1 Relation 
to Initial 
Deflections 
in Leads 

I and III 

\ oltage 

1 as 

> Expressed 

1 by 

1 Amplitude 
' 1 Ordinate 
, =10-* 

217 


1 

0 10 

0 18 

Notclied 

Opposite 

Opposite 

j Low 

237 


0 10 

0 32 

Notched 

Opposite 

Opposite 

j Low 

255 


0 10 

0 30 

Notched 

Opposiite 1 

Opposto 

Low 

248 During 
tachycardia 


0 16 

0 20 

Notclied 

Opposite 

Opposite 

Ven high 

With normal 
mechanism 

0 19 

1 

0 07 

0 32 

None 

Opposite 

Opposite 

1 Normal 

279 

0 17 

0 12 

0 30 

Notched 

Opposite 

Opposite ' 

1 High 

282 


0 03 

0 28 

Notched 

Opposite 

Opposite 

1 Lo^ 

1 

280 


0 09 

0 32 

Notched 

Opposite 

Opposite 

Low 

294 


0 11 

0 28 

Notched 

Opposite 

: Opposite 

1 Normal 

299 

0 19 

0 11 

0 32 

Notched 

Opposite 

Same 

Low 

306 

0 19 

0 10 

0 30 

Notched 

Opposite 

Opposite 

\ 

i Low 

311 


0 03 

0 34 

Notched 

1 

1 Opposite 

Opposite 

Low 

324 


0 11 

0 36 

Notched 

Same 

Opposite 

Low 

325a 


0 14 

1 

0 48 

Notched 

Opposite 

Opposite 

Very high 

325b 


0 12 

0 48 

Notched 

1 Opposite 

Opposite 

Low 


* The P-R. internal is gnen m those instaoccs only m ■nhich it measured at least 017 
second or more 


Case 248 was remarkable m that during the attack of paroxysmal 
tachycardia the general type of the electrocardiogram was so con- 
spicuously altered During the normal mechanism the conspicuous 
initial deflections were in opposite directions, being upright in Lead I 
and inverted in Lead III, and the final deflection T appeared in an 
opposite direction in both leads In Lead II the ventricular complex 
appears normal, lacking wholly any evidence of its bizarre character 
which appeared during the paroxysm The P-R interval is increased, 
measuring 0 19 second The inversion of the P-wave in Lead HL 
Figure 6, we are at a loss to account for It is not altogether easy to 
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assume that this is an expression of a change of focus for the pace- 
maker in this lead, when m the presence of a definitely altered focus 
we get the anomalous complex noted below 

We have noted a similar inversion of the P-wave in a number of 
instances, both in the normal individual and in pathologic cases, quite 
constantly occurring m Lead III, and not accompanied by any con- 
spicuous shortening of the P-R interval Lewis, Meakms and White® 



Fig 5— Feb 3, 1917 After the onset of atnal fibrillation The anomalous 
ventncular complex is more marked The normal ventricular sequence is dis- 
turbed by premature beats ansing from the left ventncle and junctional (?) 
tissue Note the slightly increased amplitude of the initial ventricular deflections 
in this figure The T-wave has increased m amplitude above the previous figures 
and can be distinctly made out There has been, however, no reversal of its 
negativity Digitalis was given to the point of marked slowing with digitalis 
coupling 

in their experimental observations on the excitatory process in the 
dog’s heart, have recorded a shifting of the pacemaker zvithin the S-A 
node as a result of vagal stimulation with such inversion 

8 Lewis, Meakms and White Phil Tr Roy Soc , London, Senes B, 
1914, 205, 37S 
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Wilson, ° in a paper calling attention to changes in the location of 
the cardiac pacemaker associated with respiration, has divided these 
changes into three classes (1) migration of the pacemaker within the 
sinus node, or within its immediate neighborhood, (2) migration of 
the pacemaker from the sinus node to the a-v node, and (3) escape of 
the idioventricular rhythm with complete atrioventricular dissociation, 
during which the ventricles contracted more rapidly than the auricles 
In a recent \ery interesting paper on heart block, Wilson and 
Robinson^® in describing similar changes m the P-wave advance the 
Mew’^ that these alterations are analogous to the change which may 
occur in the experimental animal under vagal stimulation 



Fig 6 — Same case as Figure 7 During the presence of the normal 
mechanism There is absolutelj no suggestion of the abnormal complex seen 
during the tach 3 cardia In Lead III the P-wave is inverted 

In our owm observations w’-e have been able to classify this inver- 
sion of the P-w^ave, seen so constantly in Lead III, into essentially two 
groups one in which it is definitely under vagus control and becomes 
upright under atropm, and one in which vagus control is apparently 
in abeyance, neither atropm nor \agus stimulation having any effect 
on the inversion 

During the paroxysmal tachycardia in this instance the whole type 
of the ventricular complex was altered, being characterized by curves 

9 Wilson, r K The Archixes Ixt Med, 1915, 16, 86 
10 Wilson and Robinson The Apchix'es Ikt Med , 1918, 21, 166 
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of high amplitude essentially diphasic, \\hich fact considered alone is 
not, of course, unusual, but when considered in the light of the direc- 
tion of the conspicuous initial deflections, with the suggested notching 
of R' and S' in Leads I and III, the conspicuously altered complex 
in Lead II, and the great increase in the QRS complex is significant 
(Fig 7) 

These cur\ es, obtained during the tachycardia, represent the single 
instance ulnch has come under our observation in which the electro- 



Fig 7 — Illustrating Case 248 dunng the attack of paroxysmal tachycardia 
Note the direction of the conspicuous initial deflections, with notching, in 
Leads I and III, and the anomalous complex in Lead II Ventricular rate 180 

cardiogram shov ed diphasic curves of large amplitude with a conspicu- 
ous S' in Lead I and R' in Lead III, and a marked prolongation of the 
QRS complex, in so far simulating the curves obtained from expen- 
mental lesion of the left branch of the atrioventricular bundle 

As illustrating the occurrence of curves of high amplitude alter- 
nating with those of lov amplitude. Case 325 is a striking example 
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In this case the electrocardiogram obtained on admission showed, in 
the presence of a complete atrioventricular dissociation, typically 
diphasic curves of large amplitude, remarkably similar to the published 
experimental curves of Eppinger and Rotchberger following section of 
the right atrioventricular bundle branch m the dog (Fig 8) Twenty- 
four hours later the large diphasic curves had disappeared and given 
place to an entirely different type of ventricular complex characterized 



Fig 8 — Illustrating Case 32S Record taken on admission to the hospital 
Complete A-V dissociation Lead II Note the greatly increased amplitude of 
the ventricular complex and its diphasic character S' shows suggestive notch- 
ing The QRS interval measures 0 12 second 



9 Illustrating Case 325 Twenty-four hours after Figure 8 had been 
taken Lead II Note the low amplitude of the ventricular complex with 
marked notching of S' The QRS interval measures 0 12 second 

by curves of low voltage, as expressed by amplitude, with a slightly 
shorter QRS complex (Fig 9) 

How shall we interpret such widely divergent types of curves 
obtained m so short an interval of time^ In the earlier curves the 
initial deflections have a value expressed in microvolts of 3,200 
(32 X 10-^), while later their value is but 900 micro volts (9 X 10 
Are we justified in assuming that the earlier records were obtained 
at a time when there existed a definite but temporary failure of con- 
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duction m the right bundle branch, which altered the assumed domi- 
nant type of the electrocardiogram as shown by the later curves ^ Based 
on the experimental evidence available, no other interpretation seems 
quite logical 

In the thiiteen cases tabulated we have expressed the range of 
voltage, as illustrated by the amplitude of the initial deflections, as 
low, normal, high and very high, assuming that the so-called “normal” 
taken by itself is but an average standard, subject to considerable 
variation, but that in the presence of advanced myocardial disease the 
values “low” and “high” have a definite pathologic significance 



Fig 10 — Right side of heart opened to show right atrium and ventricle, 
and areas of tissue blocks removed 

It will be seen that out of these thirteen cases, with the exception 
of Case 248, which showed a typically aberrant electrocardiogram only 
during the paroxysm of tachycardia, and Case 325, in which the earlier 
curves simulated the experimental bundle lesion, but one. Case 279, 
fulfilled the essential requirements for the diagnosis of a definite bundle 
branch lesion, being characterized by curves of large amplitude typi- 
cally diphasic All the other cases conform essentially to the type of 
curve illustrating the case we are reporting in detail, though lacking 
the conspicuous triphasic character of the ventricular complex so con- 
stant a feature of this case 

It will be further noted that three of the cases included in this 
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table did not show an increase in the duration of the QRS complex 
beyond 0 10 second In so far as the prolongation of this complex 
constitutes a vital criterion for determining the presence of marked 
sclerosis throughout the conduction system, these cases should possibly 
be excluded On the other hand, the electi ocardiographic records 
obtained from these cases were m every other respect so typical of 
the geneial type under discussion that we have included them 

DETAILED REPORT OF CASE 

It IS greatly to be regretted that m many instances in our senes we 
have been unable to secure a necropsy In the case the subject of this 



Fig 11 — ^Left side of heart opened to show areas of tissue blocks removed 

note the heart was removed immediately after death and taken at once 
to Professor Van der StrichP’^ to whom we are indebted for the 
histologic study and report 

Clinical History — Clinical Diagnosis — Syphilitic myocarditis and aortitis, 
cardiac hypei trophy , atrial fibrillation, chionic nephritis and emphysema, 
cardiac failuie and death 

The patient, S S , a laborer, aged 42, was admitted to the City Hospital, 
Jan 1, 1915, complaining of cough, shortness of breath on exertion and swell- 
ing of the feet The family history was negative 


11 The writer wishes to express his great indebtness to Prof O Van der 
Stricht of the University of Ghent, now at the Johns Hopkins University, > 
for his elaborate and detailed study of the heart from this case 
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Personal Hu/orji —Typhoid fever at 24, pneumonia at 25 The patient says 
that in 1910 he had "rheumatism” in his right leg No history could be 
obtained of acute rheumatic fever, and no history of any joint involvement 
associated with this so-called “rheumatism ” He was not confined to bed at 
this time He admits the history of a venereal lesion in 1900 He had had a 
specific urethritis several times Used alcohol to excess up to 1912 Had had 
four breakdowns similar to the present attack, characterized by shortness of 
breath on exertion and some swelling of the feet, the first in 1910, the last 
111 1914 

Present Illness — The present acute onset of symptoms dated from Jan 1, 
1915, when following a sudden overexertion lifting heavy baggage he became 
short of breath on the slightest exertion This distress in breathing was soon 
followed by swelling of his feet and legs He walked into the hospital 



Fig 12 — Transverse section through the left posterior ventricular branch 
of the bundle in the septal wall (Piece 9) Magnification 85 diameters Show- 
ing infiltration and the extreme degree of fibrosis present in and around the 
bundle 

Condition on Admission — The patient was a well developed and w’cll 
nourished colored man He was very dyspneic and coughed a good deal The 
head showed no exostoses or protuberances The ears were negative There 
was no mastoid tenderness The pupils were equal, reacted very sluggishly to 
light, but readily to accommodation There was no nystagmus, strabismus or 
ptosis The teeth were very poor, many badly carious molars, pyorrhea was 
present, tongue coated 

There was no enlargement or tenderness of the palpable lymphatic glands 
There were no deformities of the spine or long bones, and no thickening 
of the periosteum or of any of the joints 

Thorax This was well formed, anteroposterior diameter increased, sub- 
costal angle margins flared equallj'^ on inspiration , no prominence of supra- 
clavicular fossae The percussion note was resonant throughout, but slightlj 
higher pitched over the right apex posteriorly The breath sounds w'ere 
everywhere vesicular in character, expiration being prolonged At both bases 
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posteriorly and m the left scapular region medium moist rales were heard at 
the end of inspiration and beginning of expiration Tactile fremitus was 
present throughout, with normal variations 

Heart There was well marked precordial activity over a wide area The 
point of maximum impulse was in the sixth interspace 16 5 cm from the 
midsternal line, apex impulse forcible, diastolic impact palpable over the base 
in the third interspace, no thnlls or reduplications palpable The upper border 
of cardiac dulness was in the second interspace extending 8 cm to the left 
and 3 cm to the right, m the third interspace dulness extended 13 5 cm to 
the left and 3 5 to the right, in the fourth interspace, IS cm to the left and 
5 cm to the right , in the fifth interspace 15 5 cm to the left and 8 cm to 
the right, and in the sixth interspace 16 cm to the left, and to the right was 
merged in hepatic flatness These measurements are from the midsteri al line 
No murmurs or friction rubs were heard The first sound at the apex had 
a booming quality, the second sound at the base was accentuated, with a 
shghtlj tympanitic qualitj 



Fig 13 — Transverse section through the left posterior ventricular branch 
of the bundle in the septal wall (Piece 9) Magnification 535 diameters 
Showing the conspicuous cleavage of the Purkmje fibers 

The pulse rate was 96 to the minute, regular, of equal volume and syn- 
chronous in both radials The systolic pressure was 120, diastolic 90 

Liver and spleen were not palpable 

Abdomen No free fluid, abdominal muscles of good tone, no general 
or localized tenderness 

There was edema of both legs and ankles and complete right inguinal hernia 

Reflexes Biceps and triceps reflexes equal and active, patellar and Achilles 
reflexes could not be elicited, normal plantar reflex 

Urine The specific gravity varied from 1010 to 1018, albumin from a 
trace to an excessive amount was constantly present , microscopically, hyaline 
and granular casts were present 

The temperature remained practically normal throughout the period of 
observation The 'Wassermann reaction was strongly positive 
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The patient remained in the hospital at this time about four months, mak- 
ing only a fair recovery, but was able to undergo a successful surgical operation 
for the inguinal hernia, and was discharged June 26, 1915 No electrocardio- 
graphic records uere obtained at this time as our galvanometer was not yet 
installed 

Readmitted !March 21, 1916, with maiked symptoms of failure of cardiac 
reserve Extieme dyspnea, edema of legs and free fluid in the abdomen 

Heart Marked precordial activity over a wide area, upper bolder of 
cardiac dulness at second interspace, point of maximum impulse in fourth 
interspace 17 cm from midsternal line, left border of cardiac dulness 18 cm 
from midsternal line in sixth intei space, right bordei 5 5 cm from midsternal 
line in fifth interspace, sounds distant, at apex first sound was booming in 
character, second sound vas sharply accentuated, the second pulmonic being 
louder than the second aortic, no murmurs could be made out, pulse rapid, 
regular, of moderate volume, tension increased 



Fig 14 — Transverse section of the right atrioventricular junction, A-V 
node (Piece 5) Magnification 45 diameters Showing the extraordinary 
degree of fibrosis of the main stem of the bundle 

At this time the patient was under observation until June 23, 1916, when 
he left the hospital at his own request in fair condition The first electro- 
cardiographic records were obtained during this period (See discussion of 
figures ) 

Readmitted again Oct 23, 1916 He said that he had only been able to 
do the slightest work since his discharge Ten days previously the shortness 
of breath and swelling of the feet became so severe that he was compelled 
to seek hospital care 

His condition at this time was one of great discomfort, owing to the 
extreme dyspnea and edema His extremities were so swollen that he walked 
with great difficulty The liver was greatly enlarged and there was free fluid 
in the abdomen 
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Course m ihc Hospital — From this time until his death he remained under 
obsenation He sho^\ed still a certain pouer of response to rest and treat- 
ment, but his heart A\as unable to recover to an> thing like the extent noted 
on preMous admissions 

The cardiac dulness ^\as as already noted, with a marked increase in the 
area of dulness to the left and to the right o%er the aortic area At this 
time a soft systolic murmur -was noted at the apex on admission, but dis- 
appeared, to return again later, though ne\er pronounced It uas regarded 
as a relatue mitral insufficiencj 

His cardiac mechanism remained normal up to Dec 15, 1916, when atnai 
fibrillation dei eloped His blood pressure remained at or about 120 to 130 
sjstolic and 80 to 90 diastolic up to the onset of fibrillation The urine con- 
tained albumin in excess and man^ hj aline and granular casts Death ensued 
Feb 10, 1917 



Fig 15 — ^Transierse section oi the stem of the bundle under the endo- 
cardium of the right \entricle beneath the septal cusp of the tricuspid vahe 
f Piece 4) Magnification 103 diameters Showing the great amount of fibrosis 
and cicatrization present 

DISCUSSION OF ELECTROCARDIOGRAMS 

In selecting the figures for reproduction in this report we have 
chosen from a large senes a number of records taken at fairly wide 
intervals of time, which represent the dominant type of electrocardio- 
gram obtained throughout the period of obsen^ation, and illustrate 
clearly the abnormal % entricular complex so striking a feature of this 
case 

Voltage of Cardiogram as Expressed by Amplitude — The high 
voltage as expressed by the amplitude of the P-wave, and the low volt- 
age of the ventncular complex are at once apparent Up to the time 
of the onset of atrial fibnllation the average value of the P-wav^e 
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distinct was this evidence that we were inclined to assume that there 
might be a definite sequence in the contraction of the right and left 
ventricles Keeping this possibility m mind we sought constantly for 
a reduplication or doubling of the first sound of the heart, hoping to 
obtain at least some clinical evidence of an asynchronous systole, but 
with negative results, as no such doubling was noted We must not 
forget, howevei, that the electrical complex represents the propagation 
of the excitation wave, a change m electrical potentiality, and not a 
muscular action 

The T-Wave — The amplitude of the T-wave, never marked, 
increased distinctly, attaining a value of 300 microvolts (Fig 5, Leads 
1 and III) These negatives were taken after a prolonged course of 
d-gitalis, which, however, did not alter the P-R interval, nor the direc- 
tion of the T'wave In Lead II this wave remained practically iso- 
electric 



Fig 17 — Longitudinal section of the left posterior branch of the atrio- 
ventricular bundle just below the right coronary cusp of the aortic valve 
At this site the bundle first appears under the endocardiufn of the left 
ventricle (Piece 8) Magnification 103 diameters The extent of the fibrosis 
in and around the bundle is plainly evident 

The failure to obtain any increase m the P-R interval or alteration 
in the negativity of the T-wave is in line with our results in a number 
of observations which it is hoped to make the subject of a future 
report Using a standardized preparation, we have found, as have 
other observers, a striking dissimilarity in the response to the drug 
Relation of the Electro cai diogram to the Cardiac Hypertrophy — 
In the light of our knowledge of the relationship of the electrocardio- 
gram to the predominance of hypertrophy of one or the other ven- 
tricles, as shown by Lewis^^ and by Cotton,^® our curves gave no clue 
to the preponderating muscle mass present m this case in the left ven- 


12 Lewis Heart, 1914, 5, 367 

13 Cotton Heart, 1917, 6, 217 
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tilde It IS, to be sure, true that we were dealing with a heart clini- 
cally greatly enlarged in all directions, but the striking post-mortem 
feature was the great increase m the mass of the left ventricle as com- 
pared with the right, which was essentially dilated It is perhaps 
justifiable to assume that the normal course of the cm rent of action 
was so interfered with by the diffuse sclerosis present throughout the 
conduction system, especially in the left ventiicle, that the usual elec- 
trical complex so typical of a conpsicuous unilateral ventricular hyper- 
trophy was annulled 

PATHOLOGIC REPORT 

Heart The heart is greatly enlarged, weight, 770 gm The length from 
the root of the pulmonary artery to the apex is 125 mm The amount of fat 
IS not increased There are large “milk spots” on both ventricles The peri- 
cardium IS normal The right and left atria are large and their walls thick. 



Fig 18 — Transverse section of the base of the posterior papillary muscle of 
the left ventricle at its point of union with the trabecula containing the left 
posterior branch of the bundle (Piece 11) The extreme degree of fibrosis 
in and around the bundle is clearly shown 

but neither shows the marked enlargement and hypertrophy apparent in the 
ventricles The right wall of the right atrium at the lower end of the crista 
terminahs measures 5 mm in thickness , that of the left atrium immediatelj 
above the orifices of the pulmonary valves is also 5 mm thick The actual 
muscular wall of the right ventricle (not including anj' of the prominent 
trabeculae carneae) between the papillary muscles is 6 5 mm m thickness, 
and the diameter of the wall of the left ventricle in a corresponding situation 
measures 16 mm Near the atrioventricular junction the cross section of the 
right ventricular wall is 7 mm and that of the left ventricle 20 mm There 
IS no apparent endocarditis The cusps of all four valves are free and normal 
The right atrioventricular orifice admits four fingers , into the left the entire 
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five can be passed as far as the proximal interphalangeal joint The orifices 
of both coronary arteries are surrounded by atheromatous patches, and there 
is a diffuse sclerosis of both vessels throughout, possibly more marked in the 
left than in the right branch Neither coronary is occluded There is a 
marked patchy sclerosis of the beginning of the aorta There is marked 
enlargement of the ventricular trabeculae and papillary muscles 

On opening the right side a well marked pars membranacea septi is to 
be observed, m the lower margin of which the bundle can be fairly well seen 
Immediately in front of the fibrous septum there is marked cicatrization along 
the course of the bundle which can be identified under the endocardium right 
into the moderator band and so to the anterior papillary muscle In the right 
atrium, strands of Purkinje fibers are visible on the septal wall, passing from 
the upper part of the crista toward the atrioventricular junction Similar 
bands terminating in the same location can be seen running from the region of 
the coronary orifice Blocks of tissue about 10 mm square and 5 mm thick 
were cut from the several areas recorded later In removing such blocks of 
tissue it is sometimes difficult to be sure that the Purkinje fibers have been 
included, especially if they lie deeply m the myocardium If the cut edge of 
the block be examined promptly, however, the retraction of the Purkinje 
bundles, always greater than that of the myocardial fibers in the perfectly fresh 
organ, brings about a localized dimpling of the cut surface which immediately 
sets all doubts at rest In this heart we w'ere particularly fortunate in observ- 
ing the dimpling in every piece removed except numbers 4 and S, where much 
cicatrization occurred 

On opening the left ventricle the bundles show less definitely The anterior 
and middle limbs immediately disappear among the unusually marked trabeculae 
and no attempt w'as made to secure these The posterior branch is plainly 
visible in its course tow'ard the posterior papillary muscle and portions of it 
were obtained as stated later No histologic examination w'as made of tlie 
left atrium 

The branches of the coronary vessels in the atrioventricular junction and 
those passing along the mam branches of the Purkinje system are not obvious 
to the naked eye 

After the tissue blocks had been removed the heart was photographed and 
then preserv^ed by Kaiserling’s method 

The follov mg is the list of the sites from which the tissue blocks were 
removed 

Right Ventricle and Atnum 

Piece 1 Moderator band (trabecula supraventnculans) near base of 
papillary muscle 

Piece 2 Anterior papillarj' muscle at site of entrance of moderator band 
Piece 3 Right branch of bundle on septal wall proximal to moderator band 
Piece 4 Stem of bundle under the endocardium of the right ventricle 
beneath septal cusp of tricuspid valve This portion includes the commence- 
ment of the right and left mam branches It is greatly cicatrized (Fig IS ) 
Piece 5 Pars membranacea septi immediately above and behind Piece 4, 
but, unlike the latter, which is from the interventricular part of the septum, 
this IS from the septum betw'een the right atrium and the left ventncle 
(Fig 14) 

Piece 6 Tissue of the coronary groove of the right atrium immediately 
above and including the margin of the orifice of the coronary sinus (Fig 16 ) 
Piece 7 Part of the septal wall of the right atnum immediately above and 
adjacent to the noncoronary cusp of the aortic valve (We follow Keith’s 
nomenclature m reference to the aortic cusps ) 

Piece 13 Piece of ventral wall of the right ventricle for myocardial fibers 
Piece 14 Interatrial septum between coronary orifice and fossa ovahs, 
including the margin of the latter This block is from the wall above and 
behind Piece 6 
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Piece 15 Block from nght ztnzi ■? zll zcjO'xurg tne onfice of the Superior 
-^cra ca-a and inclucng the upper e'-trer-^t; of the cnsta termmahs and the 
muscular rirg at the junction bet~een tre at~ial canal and atrial appenairu 
From tnis b’ock Pieces 16 and 17 ve'e cr iced off 
Left Vciiir cle 

Piece 8 Left branch of the atrioventricular bunale immediateh belovr the 
nght coronary* cusp of the aortiC '.alve before the bunoie has broken up into 
its three left constituent Lribs This olock contains the buncle v.he'e it 
first appears under the endocardium of the left %entricle (Fig 17 ) 

Piece 9 Left posterior oranch of the buncie in the septal valL This v,as 
the onh branch * isibie to the naked e^e in the left ’'entncle (Figs 12 and 13 ) 
Piece 10 Contir nation of left postenor branch passmg among the trabec- 
ular tiSSue oeti-ieen septal wall and the postenor papniar; inuscle. 

Piece 11 Ease of the posterior papiliar; muscle at its point of unior 
” ith the traoecula containing the left postenor branch of the buraie (Fig 18) 
Piece 12 Block from the \entricular v.aU at tne base of the antenor 
papillary muscle for mjocaroial fbers 

Figures 10 and 11 illustrate graphicalh* the great irerease in thickness of 
the -left ■' entncular vraU as compared vitn the right, and also shov. the 
eo.act positions from vhich the -vanous tissue bloct.s -^cre remooec. 


TABLE 
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We shall not discuss the methods of procedure foilov ed in tre 
detailed study of this heart but shall summarize bneSy Professor 
Van der Stnehts observations on the pathologic alterations present in 
so far as they are of interest in connection vrith the cLmcal report 
and the electrocardiographic anah sis For a detailed study the reader 
should consult Professor "'’an der Stncht s monograph to appear 
elsev.'here 


Table 2 shov.'s the extent of pathologic alteration present in the 
various pieces as enumerated in the foregoing 

It vrill thus be seen that v.ith the exception of Pieces 3 7 and 16 
there is eMdence of more or less marked inSammatoi-' .nvasion of the 
bundle tract throughout, being particularly conspicuous in Pieces 9 
10 and 11 from the left posterior branch belov* its crision, and 
“diffuse in this branch just before drnding into its three constituenr 
left limb Tins inflamraatorv* reaction is characterized by a round ceil 
infiltration and a sclerosis of the interstitial connective tissue associated 
V ith a “cleavage ’ process affecting the individual Purkinje cells ' mam' 
of vhich undergo an exaggerated cleavage more or less pathologic 
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and others again divide and subdivide until they are reduced to the 
condition of atrophic cells in process of complete disappearance ” 
(Figs 12 and 13 ) 

In addition to this localized inflammation affecting the left posterior 
branch of the bundle, the majority of the segments, as already noted, 
show a diffuse inflammatory reaction of the bundle tract and its super- 
ficial endocardium, involving particularly^ in the left ventricle the ter- 
minal arborizations of the Purkinje network 

It IS interesting to note further that there was a conspicuous scle- 
rosis and atrophy of the tunica media, both of the larger arteries and 
of the smaller arterial branches in the atrioventricular bundle in the 
majority of the segments described, lesions which must have affected 
seriously the nutrition of the cells concerned The coronary arteries 
ere simply sclerosed throughout but not occluded 
It IS then evident that in addition to sclerotic lesions involving in 
localized exaggerated foci the mam stem of the atrioventricular bundle 
at the point of the right and left main branches (Fig 15, Piece 4), 
and the left posterior branch of the bundle (Figs 12 and 13, Piece 9), 
there existed throughout the entire bundle tract a most extraordinary 
diffuse sclerotic process profoundly' affecting the entire conduction 
system 

SUMMARY 

It IS apparent that m the extent of the diffuse sclerosis present 
involving the terminal arborizations of the Purkinje system, this case 
corresponds closely to the series reported by Oppenheimer and Roths- 
child," but that in the degree to which localized areas of fibrosis and 
cicatrization were present m the mam stem and the left posterior 
branch of the bundle differs from the cases described by these obser\'ers 
(Figs 12, 13 and 14), conforming in the first instance, both histologi- 
cally' and in the electrocardiographic records, to the ty pe designated by 
them under the general term “intraventricular block” as “arborization 
block,” and in the second instance, histologically' only, to the ty'pe 
designated as bundle branch block 

We have hitherto accepted the large diphasic cur\'es of greatly 
increased amplitude as conclusive evidence of a definite bundle branch 
lesion of such magnitude as seriously to interrupt the normal course 
of the excitation wave In the presence of the extraordinary amount 
of fibrosis and cicatrization seen m the mam stem and the left posterior 
branch of the bundle in this heart, it is difficult to believe that there 
v'as not serious interference with the normal conduction of the exci- 
tation wave in this part of the bundle tract, and yet at no time were 
large diphasic curves recorded In spite of these demonstrable focal 
lesions, cur^'es of relatively' low voltage were invariably present 
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Referring to Table 1, it will be seen that expressed in terms of 
amplitude, the majority of the cases cited gave curves of low voltage, 
so characteristic of the complex recorded in this case, and considered 
as indicative of a diffuse sclerosis throughout the terminal fibers of 
the Purkinje system That, however, m the presence of low voltage 
curves of the type designated we are justified in assuming more than a 
predominance of such a distribution of the sclerosis and can always 
exclude definite localized lesions of the mam stem and its branches 
would seem, m the light of the evidence of this heart, to be untenable 

It IS further appaient that many cases showing distinct electro- 
cardiographic evidence of bundle lesions and fibrosis of the terminal 
arborizations may not show any increase in the P-R interval, and in 
some instances, depending no doubt on the extent of the fibrosis, no, or 
but slight, increase in the duration of the QRS complex 

Electrocardiographic curves of low amplitude, with slight or greatly 
prolonged QRS interval, associated with notched initial ventricular 
deflections, in opposite directions in Leads I and III, and with the 
T-wave in a direction opposite to these initial peaks, represent essen- 
tially the ventricular complex seen m the presence of a predominant 
diffuse sclerosis involving chiefly the terminal arborizations, but aie 
also compatible with associated localized focal lesions of the mam stem 
and branches of the atrioventricular bundle 

CONCLUSIONS 

1 The presence of a predominant diffuse sclerosis of the terminal 
arborizations of the Purkmje system gives rise to electrocardiographic 
curves of low amplitude, associated with a bizarre ventricular complex 
of a definite type 

2 Curves of large amplitude, essentially diphasic, may justly be 
regarded, from the experimental evidence available, as indicative of a 
definite totally obstructive, temporary or permanent lesion of one of 
the branches of the atrioventricular bundle 

3 The presence of curves of low amplitude, so characteristic of 
a diffuse sclerosis, did not, however, preclude the existence of definitely 
localized focal lesions involving the mam stem and its branches 

2275 Tudor Drive 
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THE EPIDEMIC OF MUMPS AT CAMP WHEELER, 
OCTOBER. 1917-MARCH, 1918- 

LIEUT M J EADIN, M R C 

CAMP WHCELER, G\ 

It Js through the kindness and courtesy of Maj Joseph Sailer, 
M R C , Chief of Medical Service at the Base Hospital, Camp 
Wheeler, Georgia, that this paper is presented Methods of procedure, 
arrangement of the work and inspiration for a rather monotonous task 
were all drawn from him by the \aiious ward surgeons who have 
treated mumps It is due to him alone — and this cannot be too clearly 
stated — that a stupid and insignificant disease became interesting 

Patients with mumps have occupied almost half of the hospital for 
three months An epidemic of such volume raises mumps to the 
dignity of a disease Of approximately 18,000 men in the Thirty-First 
Division, there uere 5,756 cases, an incidence of 32 per cent Every 
third man in the division, m other words, has had mumps Of 13,638 
total admissions to the hospital to March, 1918, almost one half were 
mumps — to be exact, 42 2 pei cent Sporadic cases occurred from 
October 17, 1917, when the first patient was admitted, to November 20, 
vhen the epidemic started with 18 admissions The next increase was 
on December 3, an intenal of two weeks, on which day there were 46 
admissions The third increase occurred December 14, ten days later, 
when there were 86 admissions The fourtli rise was on December 27, 
with 133 admissions, and the final increase to the apex of the epidemic 
was on January 15, on which day there were 140 admissions The 
total admissions on this day — all diseases — was 194 There were 
624 cases of mumps in the hospital at one time, December 30 Corre- 
sponding falls occurred in the admission rate 

It is regrettable that such a slight, and, in a measure, preventable, 
disease has occupied so much time, energy and mateiial Lieutenant 
Hathcock estimates that the cost of the epidemic to the government 
was at least $1,000,000 

Mumps IS defined by Osier as "a specific infectious disease, char- 
acterized by swelling of the salivary glands and a special liability to 
orchitis in males ” It might be added that it is self-limited and its 
complications temporary and functional 

ANATOMY 

Anatomic considerations should have brief mention The parotid 
gland weighs from % to 2 ounces It lies below and in front of the 
external ear, limited above by the zygoma and below by the angle of 

* Submitted for publication Tune 6, 1918 
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ihc mastoid and a line diawn honzontally fiom this point to the mas- 
toid jiroccss liic external caiotid aitciy is buried in it and the facial 
nene ».ro‘^scs it tians\eisel\ Stenson’s duct is 2^/^ inches long and 
ojKiib into the mouth opposite the second upper molar The blood 
s ippl\ IS from the external caioiid Ncncs issue fiom the carotid 
pkxi'^ of the mp ithctic, fascial, and blanches of auriculotemporal 
.1)10 qjoai lUMLul.u 

S.uhuiU.lh]) X ijlar.d — Ihi^ gland weighs about 8 drams It is 
iilriccd undci the lowei jaw, hmg on the mylohyoid, stylohj-oid and 
in e'^ilc^-vus aiU'-eks It is vepamted fiom the paiotid b} the stylo- 
in n ill >i\ lie: 'iin-iu 1 he faciala aitei} is imbedded in a groove on the 
posiCiior ''Urf.’ee Its duet (Whaitons) is 2 inches long and opens 
at the summit of a ji.ipilla In the side of the fienum linguae The 
bk»od sujijih IS reeened fiom bianehes of the facial and lingual 
'-ricms Xer\es reach it fiom the submaxillar} ganglion of the 
'^.mpuhelic aiui the iinloluoid bianch of the inferior dental 

X ff/.?p!w/ Uh'ud — 1 his IS the smallest, weighing about 2 drams 
It n iced under the niueou*; membrane at the floor of the mouth and 
i« '‘linond «:hn]ie<i Its duct<= (duct*? of Rniiuis, IS to 20 in number) 
ojieii sejni uel} on the floor of the mouth, gcneially one or two being 
'oined and ealleil Ikirtholin’s duets, whieli in turn join Whartons duct 
'1 be iilood stippl} IS fiom the sublingual and submental aiiencs The 
gust-’tor} nei\e fiom the po'^terior dnision of the inferior maxillary, 
<upjilie<; the gland 

d he of these glands is that of the compound racemose 

t}pe joined In dense aieolu tissue, duets and vessels The secretion 
i'- alkaline, water and contains pi^alin, which acts on the starch in 
food ehanging it to dextrose oi grape-sugar 

PaHiolog\ — Xot much is known of the pathology of mumps The 
saln.ir} glands are swollen Of the entiie senes, one gland was 
icmo\cd on mistaken diagnosis It show'cd a noimal gland stiucture 
'suppuration occurred m one case It is questionable wdiether there 
was I cal gland suppur.ition here, or cellulitis of the tissues of the neck, 
with ncciosis Ccr\ical and inguinal adenitis aic not mfiequent The 
tlnrouP gland ma\ become enlaiged during the disease There w^ere 
sis ciscs None of the otiici features of goitci appeal, how’-c\er 
Xcurotic manifestations suggest intraciamal glandular in\olvement 
In one rase, in a w'om.in, an axillary gland waas swollen, producing 
breist pain The pancicas is involved in some mysterious way It 
inaN be the scat of edema or the glands at the hilus of the liver may 
cnl 11 ge Fxcept b} one or the other oi both of these theoretical pos- 

1 \rTjor S.iilcr thinks it like!} that these niav lia\e been cases of thvmus 
rather than tlnroid nnoUement Tiiej ha%e, however, not been carefully 
stiuhcd. nnfortunateh 
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head was drawn back and dulness when it was brought foi wai d The 
skin showed slight edema which Major Sailei attributed to cutting off 
the lymph supply by the inflamed thymus Roentgenogi ams showed a 
shadow behind the upper part of the sternum, which Major Wheat 
mterpieted as an enlarged thymus 

One case of frontal sinusitis has been recorded It is difficult to 
associate this with mumps etiologically The glands involved in our 
cases have been as shown in Table 1 

Pathologic conditions associated with mumps weie as shown in 
Table 2 


TABLE 2 — Pathologic Conditions Associated with Mumps 


Condition 

At or Before 
Onset, Cases 

Developed During 
Onset, Oases 

Measles 

12 

2 

“Cold” 

Very common 

1 

Very common 

Bronchitis 

13 

14 

Pterygium 

1 

P 

Influenza 

2 

1 

Laryngitis 

6 

0 

Pneumonia 

5 

4 

Bronchopneumonia 

1 

1 

Tonsillitis 

2 

0 

Malaria 

1 

0 

Syphilis 

1 


Complications of mumps 

To be mentioned Eeparatel\ 


IncuhaUon Penod — This was definite m only two cases Nuise 
M was put on duty in a mumps ward January 10 and developed 
mumps January 24 Miss H developed mumps February 26, having 
left her last case February 3 These are peiiods of two and three 
and one half weeks, respectively Osier says that the penod is fiom 
two to three weeks In our experience, this has been generally 
undeterminable 

ETIOLOGY 

1 The Viuis — Thus far the causative factor of mumps has not 
been definitely determined Herb has implicated a diplococcus, 
which, when injected into Stenson’s duct in monkeys, produces the 
disease Attempts at isolation of an organism were initiated at 
Major Sailer’s suggestion These attempts have failed Smears from 
the region of the orifice of the duct in the cheek revealed a spirillum, 
smaller and more slender than the treponema pallidum, in a few cases. 
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sibilities, it IS difficult to explain the jaundice, abdominal pain and 
■vomiting of pancreatitis Orchitis is frequent The testicles are 
svvollen, both or one, and tender They may each reach the si/e oi a 
man’s fist The scrotum is always red and tense Epididymitis often 
precedes the orchitis A kidney bean shaped and sized swelling in 
the epididymis occurs sometimes before the testicle swells jMajor 
Sailer emphasizes the fact that the epididymitis of mumps is not 
characterized b)' the exquisite tenderness which obtains in gonorrheal 
infection and that the testicle is very tender Prostatitis is not com- 
mon. but occurs and may be responsible for retention of urine 


T \BLE 1 — SnowivG the Glaxds Ix\ol\ed 


Glands 


Involved 


Cases 


Both parotids alone 
Parotid, right 
Parotid, left 

Both Eubmnvillaric: nlon*' 

Right EUbmaxillary alone 

Left EUhmaxillary alone 

Both parotids and both 5Ubrm\lllarie= 

Both parotids and right submaTiHarv 
Both parotids and left Eubmavillarr 
Both parotids and both sublingual' 

Both parotids and right sublingtial 
Both parotids and left sublingual 

Both parotids, both submaviUancs and both sublinguals 
Both parotids, both Eubmavillarics and left sublingual 
Both parotids, left submrviliarv and left sublingual 
Left parotid left EUbinaviIlnrv and left sublingua] 

Left parotid both mavillaries and both sublingua)- 

Right parotid, left '^ubniavillary and left sublingual 

Both sublinguals alone 

Left sublingual alone 

Left sublingual and left mavillarv 

Bight sublingual and right submavillara 

Right parotid and left submavillary 

Bight parotid and both submavillaries 

Right parotid and right submasillan 

Left parotid and right submavillarv 

Left parotid and left submavillary 



G27 


16 

7 

11 

12S 

Xi 

fl 

1 

1 

10 

1 

1 

1 

1 

1 

1 

1 

1 

1 

u 

o 

24 

10 

26 


Summarv 

a Parotid glands involved m one vray or another 
b Submaxillarv glands involved in one avay or another 
c Sublingual glands involved in one wav or another 


4,243 

440 

CO 


Finally there are a few cases m wffiich mumps expresses itself by a 
general sivellmg of the neck and chest like Hodgkin’s disease, a 
doughy gelatinous mass Cases of this sort have been noted by 
Lieutenant Hathcock and Lieutenant Groover There is no tender- 
ness The tissues are soft and elastic and are easily agitated Major 
Sailer has called attention to a case of possible thymus enlargement 
There was some swelling presternally and also in the tissues of the 
neck There w as alteration in the percussion note over the manubrium 
on change of position of the head, tjunpany being present wffien the 
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head was drawn back and dulness when it was brought forward The 
skin showed slight edema which Major Sailer attributed to cutting off 
the lymph supply by the inflamed thymus Roentgenograms showed a 
shadow behind the upper part of the sternum, which Major Wheat 
interpreted as an enlarged thymus 

One case of frontal sinusitis has been recorded It is difficult to 
associate this with mumps etiologically The glands involved m our 
cases have been as shown in Table 1 

Pathologic conditions associated with mumps were as shown in 
Table 2 


TABLE 2 — Pathologic Conditions Associated with Mumps 


Condition 

At or Before 
Onset, Cases 

Developed During 
Onset, Oases 

Measles 

12 

2 

“Cold” 

Very common 

Very common 

Bronchitis 

13 

14 

Pterygium 

1 

0 

Influenza 

i 

2 

1 

Laryngitis 

6 

0 

Pneumonia 

5 

4 

Bronchopneumonia 

1 

1 

Tonsillitis 

2 

0 

Malaria 

1 

0 

Syphilis 

1 

U 

Complications of mumps 

To be mentioned separatelj 


Incubation Penod — This was definite in only two cases Nurse 
M was put on duty in a mumps ward January 10 and developed 
mumps January 24 Miss H developed mumps February 26, having 
left her last case February 3 These are periods of two and three 
and one half weeks, respectively Osier says that the period is from 
two to three weeks In our experience, this has been generally 
undeterminable 

ETIOLOGY 

1 The Viuis — Thus far the causative factor of mumps has not 
been definitely determined Herb has implicated a diplococcus, 
which, when injected into Stenson’s duct in monkeys, produces the 
disease Attempts at isolation of an organism were initiated at 
Major Sailer’s suggestion These attempts have failed Smears from 
the region of the orifice of the duct in the cheek revealed a spirillum, 
smaller and more slender than the treponema pallidum, in a few cases. 
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This was not constant, and it was concluded that the organism was 
the ordinary Spu ochaeta deutmin Wiight's tubes were next intro- 
duced into the orifice and smears made of the clear fluid which exuded, 
uith negative results At Major Sailer's suggestion, the parotid gland 
was aspirated with an ordinary hypodermic syringe, under aseptic 
conditions, one half inch below the ear The few droplets of clear 
salivary secretion obtained in tins way were planted on the following 
mediums broth, plain agar, blood agar, human serum agar, Loeffler’s 
medium, centrifugalized milk with a layer of cream on top, and agar 
covered wnth sterile liquid petrolatum — the last tivo being partiall)' 
anaerobic The results in all cases were negatne, except on one 
occasion in which a pellicle was produced in ordinary bouillon, w'hich 
showed lery small cocci in flat masses This was not reproducible, 
and it was concluded that the pellicle w^as the ordinary one wdncli at 
times occurs m broth without inoculation Smears from aspirated 
contents of the glands w^ere negative Major Sailer w^as very desirous 
of inoculating the testes of animals wuth the secretion, but, unfortu- 
nately, none w^ere to be obtained Major Thayer, on a visit to Camp 
Wheeler, suggested the use of salivary mediums for culture This 
too, unfortunately, was not tried, due to press of work m the labora- 
tory It IS an excellent idea and should be exploited Noguchi’s 
symbiotic tissue medium ivas not used because it could not be 
obtained At my request a few tubes of 2 per cent glucose agar and 
human serum were sent dowm by Dr Libman from New York Two 
thirds of the agar w^ere mixed wuth one third serum (after melting 
the agar) and the tubes innoculated with the secretion aspirated from 
the parotid gland, and also wuth the blood of a patient who had 
de^ eloped orchitis The tubes were rendered anaerobic by the addi- 
tion of a layer of plain agar, on cooling of the mass These ingre- 
dients were used by Dr Plotz in isolating the organism in his typhus 
work Four days after inoculation no results had appeared " It is to 
be concluded therefore that the virus does not grow on ordinary 
mediums Inoculations intrapentoneally into mice and guinea-pigs by 
Lieutenant Lewis of the aspirated contents of the parotid w’^ere nega- 
tive Thanks are due and gladly given to Captain Wilson and Lieu- 
tenant Ross for their kindness and assistance in the laborator> 

2 Contact — There must necessarily be some influence exerted on 
the development of mumps by contact , otherwuse the epidemic wmuld 
not occur, and 3’^et of the physicians, nurses and corps men, onl> 

2 On the sixth daj a lenticular colony, grayish yellow in color, about the 
size 01 a millet seed appeared in the middle of the medium There were fine 
ciliary radiations from it Smears shou ed diplococci which will be described 
subsequent!}' 
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twenty-nine all told took the disease — persons who had been in 
intimate contact with it Five were nurses, five physicians, and nine- 
teen corps men, of whom four weie not Base Hospital men, but 
belonged to ambulance companies 

3 Age — The age incidence was fiom 16 to 25 years 

4 Sex — Only five cases ivere m women (Eighty nurses m hos- 
pital were the only material ) 

5 So vice — The length of service m 95 pei cent of the cases was 
two months 

6 Habitat — The fact that most of the men lived on farms iieai ly 
all their lives may have had some bearing on the epidemic They had 
not been accustomed, like their urban cousins, to epidemics of any 
sort, and therefoie, from lack of immunity, geographically furnished 
good soil for the virus 

8 Pievions Condition — A factoi of some importance was the 
pievious condition of the men They had been below^ par physically 

7 Season — The winter months, October to March, w^ere included 

9 Immunity — One attack does not confei immunity Forty-seven 
patients gave a previous history of mumps, m the majority of which 
cases the gland on the side opposite to that of the present attack had 
been involved, but three patients had the same gland involved twice 
One patient had mumps three times The intervals varied from tw'O 
weeks to fourteen years Lieutenant Hathcock doubts these histones 
and claims that one attack protects One hundred and forty-foui 
cases, or 3 3 per cent, had more glands develop dm mg course than 
were involved at onset The majority were right and left parotids, 
respectively The intervals varied fiom one to seventeen days, the 
average was nine days, most frequently only twenty-four hours 
Relapses occurred m six cases The interval w’^as fiom two to three 
weeks 

S\ MPTOMS 

The symptoms of mumps show'- many varied but also some con- 
stant features 

1 Pi odi omal — Often a diagnosis of mumps may be leached before 
there is any sw^elling from the following symptoms 

a A feeling of stiffness m the jaws 

b Difficulty m opening mouth 

c Condiments, especially sour ones, cause a “drawnng” sensation 
m the jaws 

d Dry mouth may occur at first No sense of taste and no secre- 
tions There may be salivation Thirst is at times unquenchable 
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c The orifices of Stenson’s duct pout and a pinkish area appears 
around them They may gape wide open This is especially notice- 
able in unilateral cases A Wright’s tube is introduced with ease, 
wheieupon a cleai fluid fills it 

f The most diagnostic prodromal sign, pathognomonic, in fact, 
was first noted by Lieutenant Hathcock, who has personally observed 
and treated over 2,000 cases, and who is, fiom the standpoint of 
knowledge gained by close clinical observation of the disease, prob- 
ably the best authority on mumps in the United States The sign is 
tenderness just beyond the angle of the jaw on running the finger 
toward the angle, under the mandible If the parotid gland is at all 
involved, the patient winces with pain This occurs before any 
swelling can be made out It is projier and fitting — much as eponyms 
are held by some to be improper — that this sign go down in the 
hteiature as Hathcock’s sign It is almost constant, it is early, it is 
definite and it is exclusive , thercf oi e it is diagnostic, like Kophk’s 
spots in measles 

2 The Onset — The symptoms of onset of mumps have been many 
and varied 

a Onset with no symptoms 

b Onset with gastric disturbances and features suggesting pan- 
el eatitis 

c Onset with pancreatitis, orchitis and urethral discharge This 
occurred m two cases before the glands swelled Lieutenant Byrne 
has seen one of them 

d Onset with features of acute laryngitis and bronchitis This 
was rather common in Lieutenant Hislop’s series It was especially 
marked during the time when measles and mumps coexisted Cough 
was a marked feature Also pain in the sternal region 

e Grippy onset, with fever, headache, malaise, bone pains and 
aches, and sore throat was veiy common 

f Onset with inguinal and testiculai pain and backache — although 
orchitis did not develop — was not infrequent 

g The ordinary onset is with pain and swelling m the jaws, stiff- 
ness, difficulty in opening the mouth, slight malaise and mild fever 
According to Lieutenant Hathcock, the pain m parotid cases is greater 
than in submaxillary cases, because of the proximity of the tissues to 
the bone in the former and to the soft elastic tissues of the neck m 
the latter case 

3 The Cowse — This is variable Special symptoms of all sorts 
arise Elevation of temperature is not constant , fever occurred m 
over 80 per cent of the cases, however (Figs 1 and 2) 
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The temperature in all cases showed a use and fall in severity, 
corresponding to the epidemic proper The range of fever is from 
99 to 106 F , most commonly 99 to 101 The duration of the fevei 
IS from one to twenty-four days , the average is four days About 
twenty-four hours before onset of a complication the temperature 
rises from one to three degrees and lasts about five days Subnormal 
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Fig 2 — Temperature curve in orchitis accompanying mumps a'-b, most 
common, a-e, all occur 

temperature may occur with cessation of the complication The tem- 
perature may be 106 F without obvious cause 

Vomiting, nausea, and pain and tenderness in the testicles may 
occur without apparent cause 

Tenderness in the epigastrium, jaundice and vomiting suggest 
pancreatitis 

Urinary retention may develop Lieutenant Urey removed 32 
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ounces by catheter in one case Sometimes prostatitis is associated 
with retention Lieutenant Hislop is of the opinion that retention is 
reflex from the pain m the testicles and lumbar regions Polyuria is 
not common 

Tender breasts occurred in one man and m one woman 

The patient may be doing well, apparently, and without cause 
develop the most marked nervous disturbances Fainting, cold sweats, 
sense of collapse, diarjrhea and excessive irritability may occur Con- 
vulsions are rare, only one patient presenting a few jerky movements 


TABLE 3 — Percentages 


Cases 

1 

PoU 1 
morplio ‘ 
nuclears i 

L\mphoejtes 

1 rndotliclials 

Eosino 

Phils 

Baso 

phils 

1 

Total 

1 Count 

1 

Small 

Large | 

1 

j 'Irnns 

Others 

Normal (Stitt) 

G7 5 ' 

250 

1 

40 

j 30 

1 5 

1 D 

i 

04 

! 

7,125 

Orchitis 

(K)2 

SO 2 

i s 

1 

1 8 

18 


10,730 

Dncomplicnted 

1 

51 0 

SCI 

1 

20 

1 3 1 

1 i 

3 0 

36 


7,0C0 

Avenge (all cases) 

51 2 ' 


26 

'27 

27 

31 

i 

s.oco 

1 


TABLE 4 — Tot\l Cells Per Cubic Millimeter 



Orchitis 

t 

j Uncomplicated 

Total 

Number of cases j 

3 

1 

8 

11 

Total leucocytes ! 

10» t vO 

7,060 

8,060 

Polymorphonuclears 

6,470 

3,660 

4,300 

Lymphocytes 




Small 

3 240 

2,570 

2,800 

Large 

4GO 

140 

210 

Total 

3,700 

2,710 

3,010 

Endothelial 




Transitional 

ISO 

220 

210 

Others 

100 

210 

200 

Total 

370 

430 

410 

Eosinophils 

IfO 

260 

240 


All grades of deafness have been present One patient described 
his ears as “wooden ” Rarer symptoms, but occurring in a sufficient 
number of cases to warrant their notice, were epistaxis, herpes and 
dysphonia A husky or small voice was most frequent 

4 Labor atory Findings — The blood was examined in about 200 
cases Of 105 white counts made by Lieutenant Lewis, the average 
figure was 8,800, the extremes being 6,000 and 13,000 The accom- 
panying tables and curves show the results obtained by Lieutenant 
Belding’s blood counts in mumps (Tables 3, 4 and 5) 
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Lieutenant Belding concludes 

1 Total Count — The uncomplicated cases showed approximately 
a normal total leukocyte count (7,060) In orchitis, there is a definite 
leukocytosis (10,730), which is largely polymorphonuclear in char- 
acter, that IS, 6,470 polymorphonuclear cells per cubic millimeter, 
nearly double the number (3,660) in the uncomplicated cases , whereas 
the lymphocytes show a smaller increase, that is, 3,240 vs 2,570, or a 
corresponding gam of one quaiter 


TABLE 5 — Number and Percentage or Cells 



Orchitis 

Uncomplicated 

Torn! 

Number of casee 

S 

8 

j 

11 

Total averaee count 

10,730 

7,060 

8,0(i0 

Highest 

14,000 

12,700 

14,000 

Lowest 

7,400 

4,030 

4,030 

Polymorphonuclears, per cent 

00 2 

51 9 

64 •> 

Highest 

82 0 

01 6 

82 0 

Lowest 

46 4 

410 

40 4 

Lymphocytes 




Small 

30 2 

36 4 

34 7 

Highest 

40 6 

60 0 

600 

Lowest 

no 

27 0 

no 

Large 

4 3 

20 

26 

Highest 

80 

4 0 

80 

Lowest 

2 0 



Total 

34 5 

38 4 

37 3 

Highest 

43 6 

510 

511) 

Lowest 

13 0 

27 7 

13 0 

Endothellals, per cent 




Transitionals 

1 7 

31 

2 7 

Highest 

30 

40 

40 

Lowest 

10 

20 

1 0 

Others 

1 8 

30 

27 

Highest 

4 0 

70 

70 

Lowest 


10 


Total 

2 5 

00 

64 

Eosinophils, per cent 

18 

3 6 

31 

Highest 

65 

00 

6 0 

Lowest 


10 

1 



2 Polymoi phoiiucleai Nentiophils — The polymorphonuclear leu- 
kocytes show a relatively higher percentage in the orchitic than in the 
uncomplicated cases In the latter, the aveiage (519 per cent) is 
somewhat less than the normal (67 5 per cent ) as given by Stitt In 
the orchitic cases, the percentage of polymorphonuclears is 60 2, which 
IS less than is ordinarily found with leukocytosis of pyogenic infections 

3 Lymphocytes — Conversely, the relative percentage of lympho- 
cytes, 38 4 per cent in uncomplicated and 34 5 per cent in orchitic 
cases, IS above the normal, which varies from 22 to 36 per cent The 
highest orchitis case gave 43 6 per cent , the lowest 13 per cent , while 
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in the simple cases the highest was 51 per cent and the lowest 27 7 
per cent Therefore, it may be concluded that there is a slight ten- 
dency toward lymphocytosis in mumps, but in view of the small num- 
ber of cases here considered (11) a definite statement cannot safely 
be made when the margin of increase is so small 



Fig 3 Curves showing leukocyte and differential count in mumps uncom- 
plicated (eight cases), and in cases complicated by orchitis (three cases), from 
Feb 7, 1918, to Feb 18, 1918 


4 Endothehals — ^This class gives a slight increase above the aver- 
age, but falls within normal limits 

5 Eosinophils — The increase in eosinophils is probably due to 
intestinal parasites (hookworm) and has nothing to do with mumps 
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Red blood cells averaged 4,800,000, average hemoglobin 75 per 
cent The urine in thirty cases — all kinds — was normal Bile was 
present m one case of pancreatitis with jaundice, which cleared up on 
disappearance of the icterus (Lieutenant Lewis ) 

5 The Physical Signs of Mumps 

1 Hathcock’s sign 

2 Pouting and pinkness of the orifices of Stenson’s ducts 

3 Swelling of the face in the parotid region 

4 Doughy elasticity of the swelling 

5 Exudation of secretion from Stenson’s duct on pressure of 
the gland externally This was noted by Lieutenant Hathcock and 
others The physical examination of the rest of the body is usually 
negative except m complicated cases 

COMPLICATIONS 

1 Orchitis and Epididymitis — Of 4,397 cases carefully considered, 
611 had testicular involvement of various kinds, or 13 91 per cent 


TABLE 6 — Complications 


Oomplicatlons 

Number of Oases 

Orchitis, bilateral 

102 

Orchitis, right 

231 

Orchitis, left 

221 

Orchitis, side not mentioned 

40 

Epididymitis, right 

4 

Epididymitis, left 

1 

Epididymo orchitis, right 

9 

Epididymo orchitis, left 

3 

Total 

611 


Perhaps epididymitis was more common than this table indicates, 
because of the fact that the ward surgeons did not pay special atten- 
tion to the orchitis cases beyond noting that the testicles were involved 
Thirty-seven cases developed orchitis on the side opposite to the 
glandular involvement of the face Close questioning in many similar 
cases revealed a former infection on the other side of the face also It 
IS the general impression held by the ward surgeons that these thirty- 
seven cases may fall in this category At any rate, the vast majority 
had the testicles involved on the same side as the facial swelling in 
unilateral cases 

Orchitis IS the most frequent and most severe complication of 
mumps It may occur in any period of the disease, even before the 
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parotid swelling, and be accompanied by urethral discharge Orchitis 
begins from the third to the sixth day and lasts a variable period — 
from five to ten days In not a few cases the epididymis is swollen 
before the testicles Single glandular involvements were complicated 
by bilateral orchitis and vice versa Orchitis makes the patients sick 
There is a rise in temperature sometimes to 106 F , usually to 102 
Vomiting and nausea are frequent The patient may be covered with 
profuse warm perspiration The face is anxious Sharp shooting 
pains in the testicles and inguinal regions occur There may be severe 
backache With the rise in temperature, a leukocytosis is usually 
present from 11,000 to 14,000, as shown by Lieutenant Belding and 
Lieutenant Lewis Polyuria may be present Lieutenant Dalton has 
obtained histones of nocturnal pollutions in these cases which he 
believes are due to reflex irritations Lieutenant Hathcock, on the 
other hand, thinks that continence is responsible for the condition 
At any rate, close observation of this symptom has not shown it to be 
a constant feature After a miserable period of from twenty-four to 
forty-eight hours, the testicles enlarge and are exquisitely tender 
The course of orchitis is variable After three to ten days, the testicles 
involute, the fever subsides, the pain and malaise depart, urination is 
free, the appetite returns and the patient is to be found more fre- 
quently at the canteen than in the ward 


2 Otitis Media — Suppurative otitis media occurred 
4 397, or 0 45 per cent 

TABLE 6 — Ear Involvement 

in 20 cases of 

Ear Involved 

Number 

otitis, bilateral 

4 

Otitis, right 

11 

Otitis, left 

5 


Suppuration may be profuse or mild Pain is of varying degree 
of intensity There is a rise in temperature of several degrees and 
at times dysphonia — nasal voice occurs Fainting and vertigo may 
come on Mastoiditis occurred in three cases which were not recorded 
among the total number, and were operated on by Captain Swan 
3 Pancreatitis — ^Whether an entity or a syndrome, the symptom 
group is real The patient becomes extremely ill There is intense 
nausea and anorexia Pain and tenderness in the epigastrium rapidly 
supervene The temperature rises slightly Diarrhea may occur or 
the patient may become jaundiced, four cases of this kind having 
been noted The spleen was palpable in one case, but the patient gave 
a malarial history The attack is like acute catarrhal jaundice, except 
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that it lasts only from three to five days Pancreatitis occurs from 
the fifth to the eighth day, as a rule, but this varies There -were 
fouiteen cases, or 0 31 per cent 

4 Pneumonia — Five cases of lobar and one case of bronchopneu- 
monia occurred during mumps Major Sailer feared an increased 
pneumonia admission rate as a result of mumps, just as happened 
after measles, but fortunately this did not occur Mumps has appar- 
ently little effect on the respiratory system from the standpoint of 
lowering the resistance to pneumonia 

5 BioncJntis — There were nine cases of the oidinary type and 
course 

SEQUELAE 

It IS premature to note any sequelae in oui epidemic Sexual vigor 
IS retained according to Osier, even with both testicles atrophied It 
IS not definite whether permanent deafness results from the otitis 
media 

DIAGNOSIS 

The diagnosis of mumps is the simplest to make, and in mild cases 
very easy to overlook The following are diagnostic 

1 Hathcock’s sign 

2 Pink and pouting orifices of Stenson’s ducts 

3 Swelling and tenderness of the salivary glands 

4 Exudation of secretion from duct on pressure of gland 

5 Pam or peculiar “drawing” sensation on eating sour food 


Diffei ential 

Mumps 

1 Pai otids enlarged 

2 Hathcock’s sign positive 

3 May be dry mouth 

4 Gums not swollen 

5 Perverted taste and pain if 

sour food IS eaten 

1 ^ Mumps 

1 rever 

2 Gums O K 

3 Parotids swollen 

4 Epidemic 

Suhmaxillary Mumps 

1 Epidemic 

2 Tonsils normal 

3 Swelling is under center of 

mandible 


Diagnosis 

Ordinal y Toothache zvith 
Edema 

1 Parotid not enlarged 

2 Negative 

3 May be salivation 

4 Gums swollen 

5 Neither 

1 None 

2 Tumor 

3 Not swollen 

4 Not epidemic 

Tonsillitis zvith Ceivical 
Glands 

1 Not epidemic 

2 Inflamed 

3 Further back 
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Course of Disease — In uncomplicated cases, in a week the infec- 
tion has subsided The average duration — all cases — has been 
fourteen days, limits, two to thirty-one days A complication pro- 
longs the course about a week A normal patient may suddenly develop 
orchitis or otitis If pancreatitis occurs, the course is prolonged about 
four days Pneumonia and bronchitis lengthen the disease by their 
own course 

PROGNOSIS 

Of the entire epidemic, the only death was due to pneumonia 
Complications are temporary A patient without facial swelling who 
presents Hathcock’s sign and pouting orifices of Stenson’s duct will 
develop mumps If, on the third day, the patient has a rise in tem- 
perature, pain in testicles, abdomen and back, with vomiting and per- 
spiration, he may develop orchitis or pancreatitis or both Deafness 
does not mean otitis Mastoiditis has the same prognosis as in any 
other condition 

TREATMENT 

A Pi opliylaxis — 1 Careful isolation of cases for a period cover- 
ing their infectivity — three weeks 

2 Of orchitis Orchitis occurred no more frequently m the series 
studies by Lieutenant Byrne and Lieutenant Sherrill, whose patients 
got up for meals and walked about generally, than it did in Lieutenant 
Groover’s series, whose patients stayed in bed throughout the course 
Lieutenant Lewis has found that careful sterilization of the hands 
and protection of the glans penis did not reduce the incidence of the 
complication At Major Sailer’s suggestion, alternate patients were 
put on hexamethylenamin as admitted, 5 grains four times daily 
Lieutenant Hathcock’s figures show no improvement after the drug, 
and he concludes that “hexamethylenamin produces no perceptible 
results as to prevention of orchitis ” Considering all figures, how- 
ever, there is some benefit Before the exhibition of hexamethylen- 
amin, 304 cases occurred and 307 afterward, but there were only 52 
cases of orchitis in which the hexamethylenamin was given before the 
patient had orchitis — a reduction in number by 33 per cent 

3 Of otitis Of all measures, 2 per cent phenolized glycerin 
instituted routinely — drops 2 being dropped into each nostril twice 
daily — at Major Sailer’s suggestion, has proved the most beneficial 
Before phenol in glycerin treatment began, there were seventeen cases , 
afterwards but three 

B Ti eatment Propel — ^The treatment proper of mumps is pallia- 
tive, symptomatic and expectant Our treatment has been 

1 Two compound cathartic pills on night of admission and saline 
in morning to insure free catharsis 
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2 Dobell’s gargle for mouth 

3 Hot application and camphorated oil to swelling 

4 For the pain and nervousness, acetyl salicylic acid and bromids 

5 For fever, acetyl salicylic acid and acetanihd 

6 Phenol, 2 per cent m glycerin, 2 drops m each nostril, should 
be administered twice daily 

7 Hexamethylenamin has some value in reducing the incidence of 
orchitis, 5 grains four times daily 

8 For orchitis, support and counterirritation, any mild counter- 
irritant will do a ice bag , b 10 per cent icthyol ointment , c guaiacol 
carbonate was used in a few cases with fair results , and finally, 

9 Rest in bed, which is the best treatment 



A STUDY OF EIGHT CASES OF ACUTE NEPHRITIS'^ 


DANA W ATCHLEY, MD 

NEW YORK 

INTRODUCTION 

A strictly pathologic interpretation of the term acute nephritis must 
mean acute inflammation of the kidneys, an inflammation primary or 
superimposed on a chronic process There are, however, certain acute 
clinical pictuies in which edema, albuminuiia and other so-called renal 
findings may occur independent of leal inflammatory disease Hence 
a more consistent name for this group would be acute renal syndrome, 
and the cases presented here are so considered, although m certain of 
them actual inflammation was probably present Moreover, in some 
of the cases one feels that possibly the renal manifestations are entirely 
secondary to a systemic disease, as is the chlorid retention of pneu- 
monia Two cases (7 and 8) aie definitely chronic (from their his- 
tones), but they differ so strikingly from each other and are so similar 
in many ways to the truly acute cases that they are included for pur- 
poses of comparison The “acuteness” of the other cases (1 to 6) is 
based on the absence of previous renal symptoms , for five of the six 
were intelligent people whose histones were quite reliable, and the 
sixth was partially confirmed by a daughter who is a trained nurse 
That these are cases of renal edema, the absence of other causes for 
edema makes clear 

METHODS 

The urinary chlorids were estimated by the Volhard method, 
plasma chlorids by the McLean and Van Slyke^ method, blood urea 
and urine urea by Van Slyke and Cullen’s^ modification of MaishalTs 
method Practically all determinations were made m duplicate The 
renal test day consisted in confining the fluids to the meals and col- 
lecting the urine m the periods described by Mosenthal ® The metab- 
olism department of the Presbyterian Hospital weighed the patients 
and was m charge of the urine collection All foods were weighed and 
fluids measured The phenolsulphonephthalein was allowed five 
minutes for appearance time and the two-hour excretion determined 

Submitted for publication May 4, 1918 

=^From the Medical Clinic, Presbyterian Hospital, and the Coolidge Fellow- 
ship in Medicine, Columbia University 

1 McLean and Van Slyke Jour Biol Chem , 1915, 21, 361 

2 Van Slyke and Cullen Jour Biol Chem, 1914, 19 , 211 

3 Mosenthal The Archives Int Med , 1916, 16 , 733 
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The urea and chlorid indexes were deterniined o^er two-hour periods 
and calculated according to McLean’s^ formulae, with this exception, 
a constant weight was used for the entire period of observation, a 
weight as near the patient’s normal as could be estimated It seems 
obvious that a change in the index due to the loss of 40 pounds of 
edema would not express a true change in renal function 

REPORT OF CASES 

Case 1 — No 342213 Woman, aged 27, admitted March 6, 1917 Complaint, 
headache for five da\s 

Family History — IMother died of tuberculosis 

Personal History — Malaria at 22 3'ears, tonsillitis at 25 and 26 3 ears, has a 
rash when she eats strawberries, dyspnea on exertion for four months, no 
nocturia or an} renal s}mptoms 

Present Illness — Edema of ankles for two or three w'eeks, frontal headache 
twehe da}S before admission, returning again fi\e da}s before admission and 
continuing up to admission, no other S}mptoms, no urinar} abnormalities 

Physical Eianiination — Slight general edema, some p3"orrhea, large red ton- 
sils, heart moderatelj enlarged to the left, blood pressure, 188/150, suggestion of 
fluid at left base, right kidne}-- palpable, sinuses negative, e3egrounds normal, 
Wassermann negatne Blood hemoglobin, 91 per cent , red blood corpuscles, 
4,980,000, white blood corpuscles, 10,000 Urine specific gravit3r, 1011, albu 
mm, faint trace, h} aline and granular casts, no red blood corpuscles Nephritic 
test da}' da} specimen, 1,455 cc , specific gravity, 1 008-10, night specimen, 
765 c c , specific gra\ ity, 1 013 

Course — Under treatment tlie edema disappeared in two w'eeks and in three 
weeks the blood pressure was 130/90, dunng her fi\e weeks in the hospital 
the specific gravit} of the urine varied from 1 008 to 1 020 and at no time 
were there red blood corpuscles in it 

Readmitted June 20, 1917, for functional study Aside from tiring very 
easily, the patient feels quite well, no edema, blood pressure, 122/70 Blood 
red blood corpuscles, 5,500,000, hemoglobin, 112 per cent , w'hite blcod cor- 
puscles, 9,400 Urine specific gravity, 1 012-1 015 , albumin, trace , 1 hyaline cast 
Renal function entirely normal throughout 

Phenolsulphonephthalein, 60 per cent , Ambard, 111, blood urea, 0^0 gm 
per liter, actual plasma chlorid, 603 gm per liter, calculated plasma chlorid, 
5 97 gm per liter , threshold, 5 67 gm per liter 

0 P D, July 29, 1917 Blood pressure, 130/80, no edema 

Feb 24, 1918, patient reported to be sick in bed out of town, nature of 
illness unknown 

Ca.se 2 — ^No 34165 Man, aged 27 3 ears , admitted Feb 27,1917 Complaint, 
swelling of legs and ankles for tw'u days 

Family History — Father had rheumatism, mother died at 52 }ears of kidne} 
trouble 

Personal History — Rheumatic feve** when a child, hives at 15 3 ears, no 
renal or cardiac symptoms before present illness 

Present ///jicjj— N octuria for two or three w'ceks, slight cough for one 
week, three days prior to admission, frontal headache lasting one da}, next 
da}, w'hile bathing, noticed that his feet w'ere swollen, no nausea, urinary 
changes or dyspnea, some palpitation 

Physical Examination — Marked general edema, severe pyorrhea, heart 
slightl} enlarged to the left, blood pressure, 154/90, ophthalmoscopic examina- 

4 McLean Jour Exper Med, 1915, 22, 212 
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tion negative except for slightly hazy disks, blood culture and Wassermann, 
negative Blood hemoglobin, 70 per cent , red blood corpuscles, 3,570,000 , white 
blood corpuscles, 7,600 Urine specific gravity, 1 033, albumin, very faint trace, 
few red blood corpuscles, occasional hyaline and granular cast Nephritic test 
day specimen, 598 cc , specific gravity, 1011-1028, night specimen, 1,315 cc , 
specific gravity, 1 015 

Course — After nine days with restriction of salt, water and nitrogen the 
edema disappeared, the blood pressure dropped to 118/80 and the urine became 
perfectly normal except for an occasional 1 yaline cast 

Marcn 20 — Hemoglobin, 70 per cent, red blood corpuscles, 4,020,000 
May 31, 1917 — ^Urine albumin, negative, microscopic examination, negative, 
Ambard, 470, blood urea, 015 gm per liter Actual plasma NaCl, 625 gm per 
liter, calculated plasma NaCl, 6 09 gm per liter, threshold, 5 78 gm per liter 
Feb 4, 1918 — Patient in France with the American Expeditionary Forces, 
said to be in good health 



Chart representing chlond and fluid exchange in Case 3 * = mg per 

100 cc for blood urea, per cent for phenolsulphonephthalein , indirect for urea 
index (McLean) 

Case 3 — No 34795 Man, aged 35, admitted May 4, 1917 Complaint, 
headache and swelling of body for two weeks Family history negative 

Personal History — Works as a brakeman and is subjected to considerable 
exposure, has “grippe" every winter, has had frequent frontal morning head- 
aches since childhood, tonsillitis and quinsy six years prior to admission and 
tonsillitis again four years prior to admission, tonsillectomy one year prior to 
admission, no sore throat since, nocturia for four months, no dyspnea or 
edema 

Present Illness — Onset three weeks prior to admission with coryza, severe 
headache, pains in chest— “grippe ,” he worked on for a week and then went 
to bed for three dajs, on returning to work his body began to swell, he became 
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dyspneic and his urine became scanty and “dark brown” in color, for the 
previous ten days he had been on a diet of milk, cereals and broth and for 
the previous five days his urine had been clearer and of larger quantity , no 
nausea or vomiting, edema had been decreasing in the previous four days 

Physical EvaimnaHon — Diffuse edema, mainly below fourth rib, slight signs 
of fluid at both bases, mild coryza, heart, lungs and abdomen normal, blood 
pressure, 145/95, Wassermann, negative Blood hemoglobin, 70 per cent , 
red blood corpuscles, 4,240,000, white blood corpuscles, 11,300 Urine specific 
gravity, 1017, albumin, faint trace, occasional hyaline casts, no red blood 
corpuscles Nephritic test day day specimen, 852 cc , specific gravity, 1 010-30, 
night specimen, 505 c c , specific gravity, 1 019 

Couise — ^Under treatment the edema disappeared and the blood pressure 
reached normal (122/80) in six days, July 3 the blood was, red blood cor- 
puscles, 5,400,000, hemoglobin, 75 per cent 

Oct 31, 1917 — The patient feels perfectly well and is at work, no dyspnea, 
edema or nocturia, blood pressure, 120/60 

January, 1918 — Feeling fine, working as a brakeman again, blood pressure, 
108/60 , no symptoms at all Red blood corpuscles, 4,576,000 , white blood cor- 
puscles, 11,800, hemoglobin, 97 per cent Urine albumin, very faint trace, 
microscopic examination, negative Ambard, 65 , blood urea, 02 gm per liter , 
actual plasma NaCl, 6 6 gm per liter, calculated plasma NaCl, 5 89 gm per 
liter , threshold, 6 33 gm per liter 

Case 4 — No 34213 Woman, aged 26, married, admitted Feb 20, 1917 
Complaint, swelling of face and feet, blood in urine for two weeks Family 
history negative 

Past History — ^Frequent attacks of "grippe” the last five weeks prior to 
admission , four or five months prior to admission, fleeting attacks of dizziness , 
four months prior to admission, at night had an epileptic attack in which she 
bit her tongue and was unconscious for ten minutes A similar attack occurred 
five weeks and again six weeks later, no urinary or cardiac symptoms before 
present illness 

Present Illness — Five weeks prior to admission the patient had an attack 
of “grippe” with sore throat, malaise, general pains, chills and fever, headache 
and sweats, was in bed five days, after being up about two days she noticed 
confluent red and blue streaks over her feet and legs to her knees and her 
feet were so sore that she could not walk, there was no scaling of the eruption, 
several days later she began to vomit everything, this lasted about two weeks 
but she did not go to bed, toward the end of this time she began to have 
swelling of the feet and face and dyspnea on exertion, and at about the same 
time she began to have blood in the urine These symptoms have continued 
to the present , occasional frontal headaches for the previous ten days , nocturia 
for the previous two or three weeks, her edema had begun to decrease a few 
days before admission 

Physical Evaminaiion — Pale, slight edema of legs, fading purple spots 
on both legs and on outer side of left leg an area 6 cm in diameter indurated, 
inflamed and tender in center, bad teeth, large cryptic tonsils, heart slightly 
enlarged to left, with soft, blowing, systolic murmur at apex, blood pressure, 
132/86, eyegrounds, normal, Wassermann, negative, roentgenogram of kidneys, 
negative, urine culture, negative Blood hemoglobin, 85 per cent , red blood 
corpuscles, 3,850,000, white blood corpuscles, 12,000 Urine grossly bloody, 
specific gravity, 1016, albumin, trace, hyaline, granular and blood casts 
Nephritic test day day specimen, 642 cc, specific gravity, 1008-12, night 
specimen, 612 c c , specific gravity, 1 010 

Course —The. edema quickly disappeared but the hematuria persisted grossly 
for about three weeks and there was microscopic blood in the urine on dis- 
charge three months after admission, while in the hospital she had two typical 
epileptic seizures, blood pressure was between 105/76 and 130/78 



374 


DANA W ATCHLEY 


ARCH H 


Readmission, Nov 12, 1917 Feels fine and has gained greatly in strength, 
no edema, headaches or epileptic attacks, no urinary symptoms 

Physical Examination — No edema, good color, heart unchanged, blood 
pressure, 105/75 , red blood corpuscles, 4,700,000 , hemoglobin, 85 per cent , white 
blood corpuscles, 11,400 Urine specific gravity, 1 028, albumin, very faint 
trace , no casts or red blood corpuscles , salt concentration, 0 76 per cent , 
phenolsulphonephthalein, 67 per cent , Ambard, 72, blood urea, 026 gm per 
liter 

Case 5 — No 34891 Man, aged 46, admitted May 14, 1917 Complaint, 
swelling of body for one week Family history negative 

Personal History — The patient’s low mentality and poor command of English 
made the history somewhat unsatisfactory, apparently quite healthy up to 
present illness , nocturia two or three times for all his life but no other symptom 
of renal disease, no scarlet fever, one brandy a day regularly 

Picsent Illness — Onset one week before admission, with a severe headache 
that lasted for two days, on the third day he noticed the diffuse edema, on 
admission he complained of sore throat and slight cough of one day’s duration, 
no history of dyspnea or urinary changes 

Physical Examination — General edema and anasarca, very marked oral 
sepsis with gingivitis and ulceration, large heart with soft systolic blow at 
apex, blood pressure, 175/80, liver palpable, ophthalmoscopic, negative, Wasser- 
mann, negative Blood hemoglobin, 85 per cent , red blood corpuscles, 
5,180,000, white blood corpuscles, 11,800 Urine specific gravity, 1 023, albumin, 
1 5 per cent , many hyaline and granular casts , few red blood corpuscles 
Course — On restriction of salt, nitrogen and water the edema disappeared, 
blood urea returned to normal from its high figure, 1 41 gm per liter, the blood 
pressure dropped to 130/66, and on discharge the urine showed no blood or 
casts During recovery red blood corpuscles went to 4,140,000 and hemoglobin 
to 65 per cent 

June 22, 1917 — Blood pressure, 160/90 

Dec 29, 1917 — Patient’s family reports that he is perfectly well, he refuses 
to return for observation 

Case 6 — No 34128 Man, aged 26, admitted Feb 24, 1917 Complaint, 
swelling of face for ten days Family history Mother died of tuberculosis 
Personal History — ^Works as a compositor (eight years) but has always been 
very careful with the lead. Bell’s palsy eight years prior to admission, with 
two exacerbations since, no sore throats, no cardiorenal symptoms before 
present illness 

Present Illness — Onset ten days previous to admission, with swelling of 
face, two or three days previously he had a cough, for one day he had noticed 
swelling of the ankles, absolutely no other symptoms could be elicited 

Physical Examination — General edema, residual right facial paralysis, cari- 
ous teeth, large tonsils, few palpable glands in neck and axilla, heart enlarged 
to left, blood pressure, 178/112, ophthalmoscopic examination, negative, 
Wassermann, negative, roentgenogram of teeth and sinuses, negative, marked 
typus femimnus, with soft skin, scanty body hair and transverse pubescence 
Blood hemoglobin, 79 per cent , red blood corpuscles, 4,350,000, white blood 
corpuscles, 7,600, no stippling Urine specific gravity, 1017, albumin, heavy 
trace, hyaline and granular casts, few red blood corpuscles, lead negative 
Course — ^Progressively downward, edema increased and hydrothorax and 
ascites developed, March 24, blood CO- = 24 8 mm Hg (acidosis was corrected 
easily with bicarbonate) April 11 his gums began to bleed and a week later 
he was twitching and irrational and diarrhea had set in , these symptoms con- 
tinued until death April 21 the kidneys were decapsulated and the patient died 
twelve hours later Postmortem examination was not obtained 
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The blood pressure remained practically constant , the urinary picture did not 
change except that the specific gravity went as high as 1 022 at one time , the 
blood became anemic in type, red blood corpuscles, 3,300,000, hemoglobin, 65 
per cent , the blood urea increased steadily About one week before death a 
number of small ulcers about two to three mm in diameter appeared on both 
legs and thighs , they resembled small vesicles or pustules with the top 
scraped off 

The kidney at operation was about normal in size, with a smooth surface 
and an easily stripping capsule The kidney tissue did not bulge when the 
capsule was cut A small piece of Kidney tissue was removed for microscopic 
examination “The tissue was not very well fixed, but the lesion was very 
definite and striking Every glomerulus was affected Each showed more or 
less proliferation of the capsular epithelium In some there was the chaiactei- 
istic crescent formation Adhesions between the glomerulus and the capsule 
were common, and some of the glomeruli were partially organized Theie was, 
in places, a considerable increase in connective tissue, especially in the neigh- 
borhood of the glomeruli There was very little in the way of a cellular leac- 
tion and the few scattered cells seen in the interstitial tissue were chiefly of 
the mononuclear variety A few polynuclears were noticed in some of the 
tubules Tubular changes were not very maiked, a good many were filled with 
a cellular debris with, in places, a little mixture of blood, and some were 
dilated The vessels were practically unaffected 

“The lesion was essentially a glomerulonephritis I should say that the 
process had been going on for some time, but in the absence of marked scarring, 
I should designate the lesions a subacute glomerulonephritis This description 
of the section was kindly made by Dr R A Lambert 

Case 7— No 33341 — ^Woman, aged 25, single, admitted Dec 31, 1916 Com- 
plaint, kidney trouble for four weeks Family history negative 

Past Histoiy — Diphtheria at 19, with antitoxin, no reaction, frequent colds 
and sore throats, no edema or nocturia Pievious admission to this hospital 
April 25, 1914 (No 13347), with the diagnosis “gastric ulcer and hematemesis”, 
she improved on a Lenhaitz diet and was discharged May 18, 1914, at this time 
she showed no edema, blood pressure, 100/78, heart 11 5 cm to the left in fifth 
interspace, urine specific gravity, 1016-37, albumin, faint trace, occasional 
hyaline cast Patient still complained of some pain immediately aftci eating 

Picscnt Ilbicss — Edema of ankles for about four weeks, puffiness of face and 
swelling of abdomen for two weeks, weakness and mild morning headaches 
for about the same length of time, dull aching pain in lumbar region worse on 
right and on lying down, for about two weeks , no nausea, nocturia, dyspnea or 
eye symptoms, no definite history of hematuria, chill and fever the day before 
admission 

Physical Examination — Pale, slight edema of face, marked edema of legs, 
bad pyorrhea, tonsils deep and cryptic, heart 5 cm to right in fourth inter- 
space, 14 cm to left in fifth, blood pressure, 154/102, few fine rales at both 
bases, eyegrounds normal, Wassermann negative Blood hemoglobin, 82 per 
cent , red blood corpuscles, 4,800,000, white blood corpuscles, 12,000, polymor- 
phonuclears, 56 per cent Urine specific gravity, 1050, albumin, boils solid, 
hyaline casts, no red blood corpuscles Nephritic test day day specimen, 
748 c c , specific gravity, 1 016-26 , night specimen, 604 c c , specific gravity, 1 022 

Com ic — Patient ran an up-and-down course with periods of absence of 
edema, although there was still some present in her ankles on discharge 
February 26, tonsils were removed and at other times various decayed teeth were 
taken care of or extracted , January 5, had headache and vomiting lasting for 
two days , January 14, headache, chill, fever, pain in chest, red throat, but lungs 
were negative, February 19, some dianhea, March 24, hemoglobin, 40 per cent , 
red blood corpuscles, 3,400,000, blood pressure as follows December ll’ 
130/88, December 31, 146/106, January 16, 138/92, January 25, 122/82, Feb- 
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ruary 7, 148/108, February 20, 120/90, March IS, 130/90, April 12, 116/90, 
May 22, 108/70 Urine specific gravity varied from 1 012-27 , always consider- 
able albumin and numerous hyaline and granular casts, frequently red blood 
corpuscles, but none on discharge. May 22 January 14 and 15, fever of 103 F , 
January 23 and February 17, temperature 100 6 F 

Readmission June 29 Still weak and somewhat dyspneic on exertion , ankles 
edematous, heart 3 by 11 cm , blood pressure, 106/68 Blood hemoglobin, 65 
per cent , red blood corpuscles, 4,410,000 , white blood corpuscles, 9,000 Urine 
specific gravity, 1014, albumin, trace, no casts, occasional red blood corpuscles 
Phenolsulphonephthalein, 50 per cent , Ambard, 50, blood urea, 028 gm per 
liter, actual plasma NaCl, 628 gm per liter, calculated plasma NaCl, 5 86 gm 
per liter , threshold, 6 04 gin per liter 

Dispensary notes August 3, occasional headaches, slight edema of the 
legs, no nocturia, blood pressure, 110/70 Urine 1 022, faint trace of albumin, 
no casts September 7, feels fine , no edema or dyspnea Urine 1 029 , albumin, 
faint trace, no casts October 19, edema of legs Urine 1 030, albumin, faint 
trace, no casts 

Readmitted, Nov 27, 1917 No nocturia, edema of ankles every night, had 
been on as complete a salt-free diet as is possible outside the hospital, had 
been unable to go back to work, some dyspnea on exertion, had been having 
attacks of dyspnea without apparent cause every day for the previous two 
months, no asthmatic symptoms, no sense of oppression over chest Physical 
examination showed good color, slight edema of ankles, heart, 2 5 cm to 
right in fourth interspace and 10 5 cm to left in fifth interspace , blood pres- 
sure, 115/85, lungs clear Urine specific gravity, 1015-30, albumin, trace, 
microscopic examination, negative , NaCl, 0 54 per cent to 0 17 per cent , 
daily output, 3 5 to 2 6 gm Blood hemoglobin, 80 per cent , red blood cor- 
puscles, 4,304,000, white blood corpuscles, 6,600 Ambard, 87, phenolsulphone- 
phthalein, 65 per cent , blood urea, 021 gm per liter Actual plasma chlond, 
6 50 gm per liter, calculated plasma chlond, 5 90 gm per liter, threshold, 
621 gm per liter 

March, 1918 — Patient feels much better No edema, much less weakness 

Case 8 — No 33338 Boy, aged 17, admitted Dec 2, 1916 Complaint, swell- 
ing of body Family history negative 

Personal Histoiy — Never robust, at three years he began to have headaches, 
which at about 11 years increased in frequency for three or four years, recently 
they had come about every five weeks , the last one five weeks before admission , 
these headaches began in the morning and lasted all day, patient’s mother said 
that at 3 years of age he had swelling of the feet that prevented his walking, 
his father said that one year previous he had swelling of the legs and was in 
bed for two weeks, after which it disappeared, not to return until the present 
illness 

Present Illness — Onset November 6, with cold, sore throat, pains all over 
body, headache, fever and vomiting, went to bed and in about two days the 
feet began to swell and abdomen, face and hands, at the same time he passed 
small amounts of bloody urine , with the appearance of edema the headache and 
vomiting disappeared, for a week before admission the diet was restricted to 
milk, eggs, soups, bread and butter, on admission the patient said he felt fine 

Physical Evamtnahon — Marked general edema, fluid in both chests and 
abdomen, tonsils moderately large, but apparently not inflamed, no hair on 
face or chest, transverse pubescence, skin very soft, heart 12 cm to left in 
fifth interspace, eyegrounds normal, Wassermann negative, urine culture 
showed a nonhemolytic streptococcus, blood pressure, 142/90 Blood hemo- 
globin, 95 per cent , red blood corpuscles, 4,670,000 , white blood corpuscles, 
20,400 Urine grossly bloody, specific gravity, 1 020, albumin, 12 per cent, 
large granular and red blood corpuscle casts, many red blood corpuscles and 
white blood corpuscles 
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Cowse — ^AUhough the patient began to lose weight from the beginning, the 
marked diuresis did not begin for about one month and it was almost three 
months before the edema had completely disappeared January 9 there was a 
generalized urticaria which disappeared in about four days February 12 
hemoglobin, 50 per cent , red blood corpuscles, 3,400,000 , white blood corpuscles, 
10,200 March 19 tonsillectomy , recovery uneventful Blood pressure Decem- 
ber 4, 162/105, December 11, 138/80, Dec 20, 164/100, January 21, 206/140, 
February 7, 164/122, February 15, 128/90, March 6, 152/106, March 12, 126/94, 
March 20, 152/84 Urine specific gravity varied from 1 014 to 1 026, red blood 
corpuscles persisted in urine until about the middle of February 

Dispensary Note April 10, feels fine, no symptoms except nocturia, physi- 
cal examination shows slight edema of ankles , blood pressure, 160/95 Urine 
1,015, albumin, 04 per cent., no red blood corpuscles 

Readmission, April 30 Had had no edema, still had nocturia, felt fine 
Physical examination good color, no edema, blood pressure, 155/90, red blood 
corpuscles, 4,000,000, hemoglobin, 86 per cent , white blood corpuscles, 12,000, 
phenolsulphonephthalein, 38 per cent , Ambard, 22, blood urea, 02 gm , actual 
plasma NaCl, 6 5 gm per liter, calculated plasma NaCl, 5 9 gm per liter, 
threshold, 62 gm per liter Urine specific gravity, 1 022, albumin, heavy trace, 
hyaline and granular casts , no red blood corpuscles , salt concentration, 0 4 
per cent 

Dispensary Note July 2, no ederpa, never felt better, blood pressure, 
175/95 October 1 feels fine, no edema, blood pressure, 155/100 December 
31 no gastric, intestinal or cardiac symptoms, no edema or headache, blood 
pressure, 180/100 Urine specific gravity, 1011, albumin, heavy trace, hyaline 
and granular casts 

CLINICAL SUMMARY 

The two cases (7 and 8) whose histones show that their disease 
has been of long duration, exhibit no special clinical characteristics, 
and are, thcrefoie, grouped with the rest of the series in the clinical 
discussion The average age was about 26 years , only one patient was 
over 35 years, Case 5, who was 46 The past histones of three of the 
six “acute'’ cases were absolutely negative from a renal point of view , 
one patient. Case 1, had dyspnea on exertion, Case 3 had nocturia for 
four months and the patient (5), whose history was not very reliable, 
said that he had had nocturia all his life Searching for an etiology, 
we find tonsillitis in three cases, hives and rheumatic fever in one and 
epilepsy in another The present illness varied from one to three 
weeks, with the onset, edema in four cases “grippe” or some acute 
infection in three, nocturia m one, and headache m another Edema 
was marked in all except Cases 1 and 4, in which it had apparently 
begun to disappear before admission Every patient but one, the fatal 
case, had headaches Some acute infection, “grippe,” sore throat, or 
cough, was present in six of the eight cases ITematuria occurred in 
two cases (4 and 8) , nocturia in four cases, and oliguria in two 
Lumbar pain was found in only one case There was a history of 
dyspnea on exertion m three cases, all acute The only constant fea- 
ture, therefoie, was edema, with headaches in every case but one 
The other symptoms occurred quite accidentally, distributed indiffer- 
ently between the acute and chronic cases 


1 
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On physical examination there was general edema m six cases and 
slight dependent edema m the other two ( 1 and 4) , the blood pressure 
was above normal in all the cases, ranging from 136/86 mm to 
180/150 mm , but m every instance it returned to normal while in the 
hospital, rising again after discharge in Cases 5 and 8 only The heart 
was normal m size in Case 3, slightly enlarged m Cases 2, 4, 7 and 8, 
moderately enlarged in Cases 1 and 6, and considerably enlarged in 
Case 5 It is worthy of mention that in the latter three cases the 
systolic blood pressure w'as over 174 mm , whereas the next highest 
pressure was 154 mm , in other wmrds, an apparent relation between 
the degree of hypertension and cardiac hypertrophy Pyorrhea was 
found in six cases, tonsillar abnormality in four cases, while Cases 3 
and 8 showed no foci of infection Leukocytosis (over 10,000) was 
present in six cases, occurring in the twm cases that show^ed no infec- 
tion at the onset There was, during the hospital stay, definite anemia 
in every case, and all except Cases 1 and 3 show^ed red blood cells in 
it No constant relationship betw^een the amount of hematuria and the 
degree of anemia could be demonstrated There w’^ere no other sig- 
nificant physical findings Albuminuria in varying amounts was found 
m ever} case, and all except Cases 1 and 3 showed red blood cells in 
the urine, while tw^o cases (4 and 8) were grossly hematunc The 
four cases wnth only a trace of albumin on admission had the most 
favorable courses, but the influence of the total output of urine on the 
concentration of albumin, as showm by a simple qualitative test, will 
help to explain this observation Every case had hyaline casts, and 
the grossly hematunc cases had red blood cell casts 

From the history and clinical examination one cannot separate 
these cases into definite categories Edema, hypertension, albumin and 
casts weie constant, but other details were quite promiscuously dis- 
tributed , for example, the twm cases with gross hematuria were other- 
wise quite unlike, and the case with the highest blood pressure show^ed 
among the few^est abnormalities There is, however, a single exception 
in Cases 5 and 6, for they show similar histones and the clinical find- 
ings correspond rather closely , but if w’^e compare their courses we see 
that one patient died w^hile the other improved most remarkably It 
i>eems, theiefore, that a clinical classification of this series is quite 
unpossible 

The course in each case is summarized in the case history, but 
there are certain points that are worth noting During the hospital 
stay three of the acute cases made a complete symptomatic recovery, 
twm improved greatly and one died , of the chronic cases, one improved 
very much, and the other hardly at all The discharge physical exam- 
ination show^ed only one case (7) wnth edema, and none with hyper- 
tension, but the anemia in each instance persisted Those patients who 



TABLE 1 — Data in Case 1 * 


Date 

Weight, 

Lbs 

Dluid 

Exchange 

Chlorid 

Exchange 

Phenol 

sul- 

phone 

phthal 

ein 

Urea Index 

Chlorid Index + 

Blood 

Urea 

0 


Index 

0 

D 

Plasma 

NaCl 

Oalcul 

Plasma 

NaOl 

Thresh 

old 

In 

Out 

In 

Out 

March 
















7- 8 

134 0 

1,500 

446 

20 

19 

38 

01 

78 

57 

235 

58 

4 3 

5 94 

5 82 

5 74 

8- 9 

130 8 

1,500 

900 

20 

40 










1 

910 

137 5 

1,500 

1,500 

20 

69 










1 

1 

1011 

128 5 

2,000 

1,050 

06 

19 










i 

t 

1 

11-12 


2,000 

1,335 

08 

05 











12-13 

129 5 

1,500 

2,000 

08 

06 










! 

1314 

128,5 

1,500 

1,550 

08 

05 










1 

14-15 

128 5 

1,500 

300-i- 

08 

04 









> 

t 

1516 

129 0 

1,500 

1,070 

08 

05 










1 

1617 

128 0 

1,500 

1,130 

08 

12 

48 

0 22 

70 

17 5 

141 

31 

78 

5 80 

5 85 

5 57 1 

17 18 

127 5 

1,500 

1,605 

08 

12 











1819 

127 0 

1,500 

1,670 

08 

1 3 











19 20 

127 0 

1,500 

1,418 

78 

1 5 






04 

07 

5 89 

5 62-f 

5 89t 












04 

11 

5 96 

6 62-f 

5 96§ 

20 21 

128 0 

1,500 

1,430 

08 

2 9 






1 5 

29 

614 

5 74 

6 0211 

21 22 

128 0 

1,200 

710 

08 

1 4 











22 23 

127 5 

1,500 

1,000 

08 

2 1 











23 24 

128 0 

1,500 

1,190 

08 

14 











24 25 

127 5 

1,500 

1,300 

07 

14 











25 26 

127 5 

1,500 

1,450 

08 

27 











26 27 

127 0 

1,500 

1,180 

07 

09 











27 28 

127 5 

1,500 

1,950 

07 

15 











28-29 

128 0 

1,500 

1,440 

07 

06 











29 30 

127 5 

1,500 

1,270 

07 

05 











30 31 

128 0 

1,500 

1,510 

32 

1 4 











31 Apr 1 

127 0 

1,500 

1,472 

32 

28 

65 

018 

51 

13 6 

140 

2 5 

67 

5 94 

5 82 

5 74 

1- 2 

127 0 

1,500 

630 

32 

08 











2 3 

128 0 

1,500 

1,400 

32 

33 










! 

3 4 

127 0 

1,800 

2,120 

32 

39 











4- 5 

127 0 

1,800 

1,330 

3 2 

19 











5 6 

125 6 

1,800 

1,410 

31 

29 











6 7 

126 5 

1,800 

2,150 

31 

4 1 











7 8 

127 0 

1,800 

1,830 

31 

3 5 











8 9 


1,800 

2,370 

31 

36 











910 

128 5 

1,800 

1,730 

32 

39 











10-11 

1280 

1,800 

2,280 

32 

48 











1112 

128 5 

1,560 

2,356 


50 

64 

019 

25 

116 

75 

27 

12 43 

6 03 

590 

5 74 

June 20 






60 

0 20 

28 

181 

111 

23 

20 5 

6 01 

5 97 

5 67 ; 

1 


t Weight “ 61 Vg chlorids in gxa , blood concentration in gm per liter 

t At 1 30 p m , 7 gm NaOl at 2 p m 
§ At 3 30 p m 
it At 1 20 p m 
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TABLE 2 — Data in Case 2 


ite 

Weight, 

Lhs 

Fluid 

Exchange 

Ohlorid 

Exchange 


Urea Index 

Ohlorid Index * 

Blood 

Urea 

0 

U 

Index 

0 

D 




1 

Out 


■ 

IM 

Thre 

I ole 

1 

158 5 

1,600 

1,170 

24 

12 9 

44 

088 

20 0 

226 

98 

39 

43 

633 

679 

611 

2 

154 0 

1,500 

2,460 

24 

16 6 











3 

149 0 

1,500 

2,480 

24 

14 9 











4 

i 144 5 

1 

1,600 

1,096 

24 

96 

63 

0 31 

121 

18 4 

04 

77 

19 6 

599 

607 

55 

6 

1415 

1,600 

2,065 

24 

84 











6 

137 5 

1,500 

2,060 

2 4 

10 6 











- 7 

133 0 

1,480 

2,120 

06 

51 











8 

130 5 

1,600 

1,940 

06 

40 











9 

130 5 

1,500 

1,330 

03 

29 











10 

129 5 

1,600 

1,410 

06 

32 











11 

129 6 

1,500 

1,000 

1 

07 1 

25 











■12 

1285 

1,600 

920 


20 











lo 

129 0 

1,500 

1,540 


23 











14 

127 6 

1,600 

1,250 


08 











15 

128 0 

1,500 

895 

07 

08 

48 

0 37 

92 

22 4 

70 

1 4 

35 

5 78 

6 74 

565 

16 

127 5 

1,500 

636 

77 

08 






0 42 

06 

584 


5 84- 












082 

068 



6 03- 

17 

128 5 

1,500 

1 1,080 

07 

21 








1 



18 

128 5 

1,450 

1,158 

38 

82 






23 

43 


6 73 

584 

•19 

128 0 

1,450 

960 

38 

42 











20 

129 0 

1,600 

1 1,060 

38 

1 



i 





t 



•21 

128 0 

1,450 

' 750 

37 

42 











-22 

128 0 

1,500 

735 

37 

61 











28 

1313 

1,600 

1,280 

36 

34 











24 

129 5 

1,600 

810 

37 

16 











25 

130 0 

1,600 

1,010 

37 

30 











26 

130 0 

1,600 

1,980 

38 

29 











-27 

130 0 

1,500 

1,040 

38 

58 











28 

127 0 

1,500 

1,200 

35 

67 

51 

0 23 

60 

181 

118 

33 

100 

690 

688 

660 

29 

130 0 

1,500 

1,270 

37 

41 











so 

130 0 

1,600 

880 

36 

39 











'31 

131 5 

1,600 

1,130 

34 

35 











pr l! 

130 5 

1,500 

1,600 

34 

64 











2 

1310 

1,500 

950 

36 

60 











3 

133 0 

1 500 

1,220 

35 

64 











1 4 

130 5 

1,500 

1,410 

35 

39 











5 

129 5 

1,500 

880 

4 4 

62 











i 6 

129 5 

1,500 

600 

46 

2 5 











i 7 

130 3 

1,500 

1,760 

46 

84 












* Weight for Index = 63 7 ig 
t At 1 SO p m 7 gm NaOl at 2 p m 
t At 3 SO p m 



















TABLE 2 — Data in Case 2 — (^Continued) 



Weight, 

Lbs 

Fluid 

Exchange 

Ohlorid 

Phenol 

Urea Index 

Ohlorid Index 

Date 



phone 

phthal 

oin 

Blood 

Urea 






Plasma 

NaOl 

Oalcul 

Plasma 

NaOl 

Thresh 

In 

Out 

In 

Out 

0 

D 

Index 

0 

D 

old 

April 

7- 8 

1318 

1,500 

945 

45 

55 



■ 








8 9 

133 0 

1,500 

955 

46 

62 



■ 








910 

130 5 

1,500 

1,547 

44 

65 

00 

02 

B 

16 4 

116 

35 

13 6 

5 89 

5 98 

568 

1011 

130 5 

1,500 

570 

44 

19 











11-12 

130 5 

1,500 

CGO 

46 

20 











1215 

132 0 

1,500 

1,410 

46 

41 

\ 










13 U 

184 0 

1,500 

1,750 

46 

50 











14 15 

132 5 

1,500 

1,140 

46 

40 











IB-IG 

133 0 

1,500 

1,800 

46 

28 











16 17 

132 0 

1,500 

1,940 

46 

73 











17 IS 

133 0 

1,500 

1,380 

46 

1 6 










i 

1 

18 19 

135 6 

1,800 

1,913 

4 4 

4 5 










i 

19 20 

182 5 

1,800 

1,080 

40 

46 











20 21 

135 0 

1,700 

1,500 

46 

27 










I 

2122 

134 5 

1,800 

1,300 

40 

37 










i 

1 

22 23 

135 0 

1,700 

1,410 

46 

66 










f 

28 24 



858 


48 

58 

0 27 

91 

10 2 

95 

49 

88 

6 061 

6 89 

6 79§ 

May 81 





« 


015 

17 8 

20 4 

581 

15 0 

17 6 

6 26 

612 

575 ! 

* 


§ Uncontrolled 




TABLE 3 — Data in Case 3 ''' 



The diet for the period May i to May 15 contained 1 300 calories and a nitrogen content of 5 gm , from May 16 
[ay 30, 2,000 calories and 5 gm nitrogen, from May 31 to June 25, 2,500 calories and 6 gm nitrogen, from June 
le diet contained 2,500 calories and a nitrogen content of 12 gm 
Weight for index == 72 7 Ig 





























TABLE 3 — ^Data in Case 3''' — {ConUuucd) 



Weight, 

Lbs 

Fluid 

Exchange 

ChlOTid 

Exchange 

Phenol 

sul- 

phone 

phthal 

em 

Urea Index 

Chlond Index 

Date 

Blood 

Urea 



mm 



Plasma 

NaCl 

Caleul 

Plasma 

NaCl 


In 

Out 

In 

Out 

C 

D 


C 

D 

old 


June 

1112 

142 0 

1,200 

970 

36 

54 











12-13 

142 5 

1,200 

1,110 

86 

58 











1314 

143 5 

1,200 

1,215 

86 

97 



- 








1415 

142 7 

1,200 

1,528 

86 

7 5 

54 

030 

28 

14 5 

34 

28 

14 4 

619§ 

590 

5 91§ 

1 

15 16 

144 3 

1,800 

2,310 

86 

96 










1 

16 17 

143 5 

1,800 

2,010 

86 

96 











1718 

144 5 

1,800 

1,800 

86 

72 










f 

18-19 

144 5 

1,760 

1,357 

86 

73 










r 

19 20 

144 3 

1,800 

610 

86 

75 











20-21 

144 7 

1,800 

1,150 

86 

87 










i 

21-22 

143 7 

1,800 

1,182 

86 

63 

55 

0 29 

94 

70 

32 

10 3 

7 7 

6 35 

590 

6 07 


22 23 

144 5 

1,800 

700 

86 

85 










1 

23 24 

144 7 

1,800 

795 

86 

12 2 










1 

24 25 

144 7 

1,800 

870 

86 

95 











25-26 

144 7 

1,600 

1,990 

88 

17 9 











26 27 

144 3 

1,800 

1,120 

88 

SO 











27 28 

144 0 

1,800 

1,180 

88 

10 0 











28-29 

144 5 

1,800 

1,670 

88 

115 











29-30 

144 0 

1,800 

1,620 

88 

112 










1 

1 

SO-July 1 

143 3 

1,800 

1,100 

88 

73 












1 2 

143 4 

1,800 

1,730 

88 

112 












2- 3 

142 0 

1,800 

1,100 

88 

72 

SO 

0 49 

17 0 

15 3 

33 

12 0 

10 8 

6 25 

5 97 

590 


S- 4 

140 0 

1,800 

1,705 

48 

81 












4- 5 


1,800 

1,600 

48 

58 











5- 6 


1,800 

1,480 

48 













6- 7 


1,800 

1,100 

48 

25 












7- 8 


1,800 

1,550 

48 

23 












8 9 


1,800 

1,940 


0 4 




_ 







910 


1,800 

1,520 


30 










1 

1011 


1,800 













f 

11-12 


1,800 

1,980 












! 

1 

12 






50 

028 

163 

13 4 

27 

m 

15 6 

6 06§ 


\ 

Jan 1,’18 







0 20 

20 

14 9 

65 

H 

15 6 

6 60§ 

589 

633 



§ Uncontrolled 

















TABLE 4 — Data in Case 4 


te 

\'Vcight, 

Lbs 

Fluid 

Exchange 

Chlorid 

Exchange 

Phenol 

sul- 

phonc 

phthnl 

cin 

Urea Index 

Chlorid Index* 


Blood 

Urea 

C 

D 

Index 

0 

D 

Plasma 

NaCl 


Thre 1 

old 

In 

Out 

In 

Out 

■ 



1,840 

20 







■ 





jl 



1,572 

20 


26 

0 27 

28 

60 

27 

D 

36 

611 

5 78 

693 

22 



1,000 

20 

40 











23 

97 5 

1,700 

1,320 

7 

36 











24 



1,670 

? 

48 











25 

95 0 


1,710 

? 












26 



1,060 

30 












27 

96 0 


1,520 

30 

19 











28 



1,330 

SO 












ir 1 



1,330 

31 












2 

94 5 

1,800 

1,600 

31 












3 

94 0 


1,692 

31 


37 

0 07 

70 

15 2 

18 

22 

48 

5 92 

5 81 

573 

4 

93 0 


1,350 

3 1 

20 











5 

92 5 


1,410 

31 

20 











6 

93 5 


1,360 

27 












7 

93 0 


1,500 

13 












8 

93 0 


1,820 

0 46 

1 8 











g 

92 0 


1650 

0 40 

D 











10 

90 5 


1,720 

0 45 

D 











11 

905 


1,105 

0 45 

08 











■12 

905 


1,440 

0 26 

14 

21 

0 71 

72 

68 

7 

07 

06 

6 03 

5 62 

602 

13 

89 5 


1,179 

02 

07 











14 

89 5 


1,530 

0 45 

07 











15 

89 0 


1,200 

0 46 

08 











16 

90 0 


1,440 

0 26 

07 











17 

89 0 


1,950 

0 26 

4 3 











18 



1,216 

0 26 

06 






05 

06 

5 75 

5 62 

5 74 

r-lJ 

880 


1,180 


05 











20 

880 


910 


04 











f 21 

86 5 


1,050 

0 2o 

04 











.22 

86 5 

1,480 

1,010 

0 22 

0 5 











23 

S65 


980 

0 22 

03 











i24 

86 0 


1,060 

0 22 

04 











125 

86 0 


1,180 

0 22 

07 











3 26 

86 0 

1,0(K 

850 

0 22 

03 











3 27 

84 5 


1,020 

0 22 

04 











7 28 

85 0 


987 

0 22 

0 4 

15 

0 96 

82 

7 6 

5 

05 

04 

5 75 

5 62 

5 74 

8 29 

I 86 0 


1,220 

0 64: 

03 










S 


Weight for index = 45 5 ]»g 




























TABLE 4 — Data in Case 4 — {Continued) 



Weight, 

Lbs 

Fluid 

Exchange 

Chlorid 

Exchange 

Phenol 

sul- 

phonc 

phthiil 

ein 

Urea Index 

Chlond Index 

Date 

Blood 

Urea 






Plasma 

Oalcul 

Thresh 

In 

Out 

In 

Out 

0 

D 

Index 

C 

D 

NaCl 

Plasma 

NaOl 

old 

March 
29 30 

800 

1,600 

1 500 

214 

05 











30-31 

87 0 

1,600 

1,180 

212 

06 











31-Apr 1 

87 5 

1,600 

1,440 

214 

07 











1- 2 

882 

1,600 

1,240 

214 

08 











2 3 

88,0 

1,600 

1,110 

209 

09 











3- 4 

86 5 

1,600 

1,550 

209 

14 










: 

t 

f 

4 5 

86 5 

1,600 

1,240 

209 

1 3 










! 

5- 6 

C6 5 

1,600 

1,220 

2 09 

18 










f 

6 7 

880 

l,(i00 

1,340 

2 09 

19 

44 

0 26 

31 

41 

22 

1 7 

22 

5 93 

5 74 

581 j 

7 8 

87 0 

1,600 

1,360 

2 09 

20 










1 

8- 9 

87 0 

1,600 

1,130 

200 

17 










1 

910 

880 

1,600 

1,410 

2 09 

22 










1 

10 11 

88 5 

1,600 

1,550 

2 09 

22 










i 

1 

1112 

89 5 

1,600 

1,680 

209 

29 










I 

1 

12 13 

89 0 

1,600 

1,170 

2 09 

20 










! 

13 14 

89 0 

1,600 

1,210 

209 

21 










f 

t 

1 

14 15 

°00 

1,660 

1,350 

209 

19 










i 

1 

1516 

S05 

1,500 

1150 

209 

22 










1 

16 17 

880 

1,600 

1,300 

209 

24 











17 18 

87 5 

1,600 

1,411 

05 

26 

SO 

0 22 

18 

4 7 

26 

20 

53 

5 94 

5 82 

5 74 

18 19 

89 5 

1600 

1,150 

209 

1 4 











19 20 

89 0 

1,760 

1,327 

2 09 

26 











20-21 

90 0 

1,600 

1,280 

2 09 

1 8 











21 22 

89 5 

1,600 

1,700 

2 09 

20 











22 23 

90 8 

1,600 

1,450 

2 09 

20 











23 24 

910 

1,500 

1,610 

2 09 

2 7 










i 

24-25 

90 5 

1,600 

1,370 

209 

23 











25-26 

92 0 

1,600 

1,210 

209 

2 5 










1 

26-27 

90 5 

1,600 

1,650 

209 

3 4 










! 

27 28 

89 5 

1,600 

750 

209 

1 6 











28 29 

900 

1,600 

1,750 

2 09 

36 











29 30 

89 5 

1,400 

1,370 

2 09 

39 











30-May 1 

905 

1,500 

1,450 

209 

2 9 











1 2 

92 0 

1,600 

1,150 

2 09 

2 2 










! 

2 3 


1,300 

1,150 

209 

2 5 










1 

{ 

3 4 

895 

1,600 

956 

2 09 

26 

37 

016 

26 

4 6 

58 

20 

35 

600 

5 78 

5 84' 

4 5 

90 5 

1,600 

770 

2 09 

1 8 










\ 

i 

t 

5 G 


1,300 

1,270 

209 

26 










1 

1 


i 


I 


1 


i 


TABLE 4 — Data in Case 4 — (^Continued) 



Weight, 

Lbs 

Fluid 

Ohlond 

Phenol 

BUl 

phone 

phthol 

cln 

Urcn Indc-? 

Chlorld Index 


; 



o- 

Blood 

Urea 






Plasma 

NaCl 

Oalcul 

Plasma 

NaCl 

Thresh 

old 


In 

Out 

In 

Out 

0 

D 

Index 

0 

D 

Mav 

6 7 

89 5 

900 

1,140 

2 09 

26 











7 8 


1,000 

1,330 

209 

29 











8 9 

910 

900 

1,110 

209 

25 











910 

92 0 

1,100 

580 

209 

D 











1 10-11 

92 0 

1,100 

850 

209 

D 











1 1112 

92 5 

1,000 

1,180 

209 

2 0 











1 12 13 

92 5 

1,300 

1,140 

209 

29 











13 14 

91 5 

1,000 

1,340 

209 

40 











1415 

92 0 

1,000 

1,150 

209 

25 








1 



' 15-lG 

93 0 

900 

1,070 

209 

23 











1G17 

920 

1,100 

961 

209 

22 

42 

018 

38 

42 

60 


S3 

5 93 

6 79 

67o 

1718 
Nov 12, 
1917 

925 

1,000 

1,230 

2 09 

28 

67 

0 26 

30 

15 0 

79 







tf 






























TABLE 5 — ^Data in Case 5 



Weight, 

Lbs 

Fluid 

Exchange 

Ohlorid 

Exchange 

Phenol 

sul 

phone 

phthal 

ein 

Urea Index 

Ohlorid Index * 

Date 

Blood 

Urea 






Plasma 

NaCl 

Calcul 

Plasma 

NaCl 

riu 

In 

Out 

In 

Out 

0 

D 

Index 

0 

D 

Olu 



May 

15 16 

139 0 

1,200 

292 


03 

16 

141 

il9 

1 0 

B 

12 

04 

6 69 

5 62 

66^ 

1617 

138 5 

1.005 

735 

05 

07 











1718 

137 5 

1,200 

1,125 

06 

12 











1819 

134 5 

1,200 

810 

05 

09 










1 

t 

19 20 

133 5 

1,200 

1,216 

05 

21 










t 

P 

20-21 

129 0 

1,200 

1,505 

05 

30 










1 

2122 

129 0 

1,200 

1,225 

04 

83 











22 23 

128 5 

1,200 

1,520 

04 

4 3 











23 24 

125 5 

1,200 

1,312 

04 












24 25 

123 5 

1,200 

1,460 

04 

53 











25-26 

122 5 

1,200 

1,630 

05 

66 

25 

0 75 

12 2 

171 

15 



6 30 



26-27 

122 5 

1,200 

1,180 

0 76 

40 











27 28 

120 0 

1,200 

1,200 

12 

35 











28 29 

1210 

1,200 

1,080 

12 

31 











29 30 

120 5 

1,200 

870 

104 

22 











30 31 

120 0 

1,200 

365 

104 

14 











31 Junel 

118 5 

1,200 

1,391 

103 

52 

26 

0 32 

78 

4 7 

18 

31 

18 

5 94 

6 73 

6 5 

1- 2 

118 0 

1,200 

1,650 

103 

50 











2 3 

116 0 

1,200 

1,880 

103 

64 











3 4 

115 5 

1,200 

1,620 

103 

52 











4- 5 

112 5 

1,200 

1,660 

103 

82 











5- 6 

1116 

1,200 

1,900 

103 

61 










1 

6- 7 

109 0 

1,200 

1,900 

103 

2 9 











7 8 

108 0 

1,200 

1,860 

103 

48 











8 9 

108 0 

1,200 

1,250 

103 

44 











910 

106 5 

1,200 

1,260 

103 

28 











10-11 

105 3 

1,200 

1,650 

103 

46 











1112 

104 0 

1,200 

1,570 

103 

39 

19 

0 32 

43 

82 

9 

10 

07 

5 91 

5 62 

_1 


* Weight u'led for index = 63 l^g 


1 


I 



TABLE 6 — Data in Case 6 


4 

Weight, 

Pluid 

Clilorid 

Phenol 

sul 

phone 

plithal 

em 

Urea Index 

Chlorid Index * 

Date 

( 





Blood 

Urea 








Thresh 

old 

J-fDS 

In 

Out 

In 

Out 

c 

D 

Index 

0 

D 

' Deb 
i 26 27 

123 5 

1,500 

690 

0 37 

1 6 

20 

150 

68 

39 

05 

m 

06 

613 



^ 27 28 

igB 

1,500 


24 

08 











2&-Marl 

124 0 

1,500 

350 ? 

24 

08 











1 2 

123 5 

1,500 

544 

2 4 

05 






09 

04 

619 



2 3 

123 5 

1,500 

730 

0 52 

07 











' 3 4 

125 0 

1,500 

440 

028 

03 











; 4 5 


1,500 

535 

0 52 

02 











',5 6 

125 0 

1,500 


0 52 

04 











6 7 


1,360 


0 52 

01 











7 8 

125 5 

1,500 


0 52 

02 











8 9 

126 5 

1,500 

630 

0 52 

02 











910 

127 5 

1,500 

475 

04 

02 

14 

211 

SO 

57 

06 

03 

02 

599 



10-11 

127 0 

1,500 

630 

0 52 

02 











11 12 

128 0 

1,500 

290 

0 52 

0 1 











1213 

128 8 

1,300 

355 

05 

01 











13 14 

127 5 

1,250 


05 

02 











1415 

1310 

1,600 


05 

01 











' 1516 

129 5 

1,000 


05 

02 











16 17 

127 5 

1,000 


05 

02 









• 


17 18 

128 0 

1,000 

520 

0 65 

04 











^ 1819 

128 5 

2,000 

640 

25 

02 











19 20 

129 5 

2,000 

780 

2 4 

03 











20 21 

130 5 

1,710 

490 

1 9 

01 

6 

215 


37 

04 

03 

02 

538 



' 2122 

131 0 

1,800 

465 

2 12 

02 











‘ 22 23 

130 0 

1,790 

080 

2 50 

02 











j ‘ 23 24 

131 5 

2,050 

500 

2 62 

02 











‘ 24 25 

1310 

2,000 

766 

2 40 

02 






03 


5 20 



‘ 25 26 

132 5 

1,910 

550 

2 52 

02 











26 27 

136 5 

2,000 

620 

2 52 

02 











27 28 

137 5 

1,400 

260 

0 97 

01 


2 95 






4 53t 



28-29 

136 5 

1,500 

790 

1 34 

01 











29 30 

136 0 

1,800 

750 

2 04 

01 











30 31 


1,750 

775 

176 

01 











1 Apr 


1,850 

680 

215 

01 











1- 2 


1,800 

720 

2 21 

01 











2 3 


1,600 

630 

1 52 

01 











3 4 


1,750 

810 

2 48 

02 











1 4- 5 

H 

1,400 

640 

m 

01 



1 









* Weight used for index = 56 1 ig 
t NaCl in chest fluid = 4 88 gm per liter 






















TABLE 6 — ^Data in Case 6 — {Continued) 


Date 

Weight, 

Lbs 

riuid 

Exchange 

Chlorid 

Exchange 

Phenol 

EUl- 

phone- 

phthal 

ein 

Blood 

Urea 

Urea 

Index 



Cl 

ilorid In 

Plasma 

NaCl 

dex 

Calcul 

Plasma 

NaCl 

In 

Out 

In 

Out 

0 

D 

Index 

0 

D 

April 

0- 6 

140 0 

1,925 

490 

2 45 

01 


330 






4 45 


6- 7 


2,000 

620 

258 

01 










7 S 

139 0 

1,600 

370 

2 07 

01 










8- 9 


1,500 

630 

2 48 

03 










910 


1,250 

430 

143 

01 










10-U 

139^ 

1,460 

615 

1 39 

02 










1112 

138 0 

1,225 

420 

039 

02 










1213 


1,500 

370 

025 

11 










13-14 


1,425 

410 

0 49 

02 










1415 

138 5 

1,330 

250-t- 

0 40 

01 










15 16 


440 

240 

0 40 

01 










16-17 


1,100 

260 

0 40 

02 


4 36 

45 

04 




456 


17-18 


1,100 

230 

0 40 

02 










18-19 


675 

170 

030 

01 










19 20 


1,000 

100 

0 40 

01 










20-21 



325 


0 30 


4 59 






4 45J 



J April 21 Tissue juices at operation 4 09 gm per liter of NaCI 



TABLE 7 — Data in Cast 7 



Weight, 

Dluld 

Chlorid 

Phenol 
s Hi- 
pbone 
phthal 
cin 

Urea Index 

Chlorid Index * 

Date 





Blood 

tJrea 






Plasma 

^aCl 

Calcul 

Plasma 

NaOl 

Thresh 

old 

JjOS 

Tn 

Out 

In 

Out 

0 

D 

Index 

0 

D 

Dec 

4 6 

157 0 

1,000 

400 


20 











D C 


1,000 

1,100 

30 

51 

58 

019 

56 

19 0 

155 

23 

79 

0 26 

682 

606 

6 7 


1,500 

1,820 

30 

10 6 











7 8 

152 0 

2,000 

2,540 

30 

112 











8 9 

148 9 

2,000 


30 

79 











910 

146 7 

2,000 


30 

6 4 











10-11 


2,000 


30 

80 











11 12 

143 4 

2,000 


10 

54 











12 13 

143 2 

2,000 


10 

32 











1314 

143 0 

2,000 

1,645 

10 

33 


014 

SO 

12 3 

135 






14-15 

142 3 

2,000 


10 

4 0 











15-lG 

141 7 

2 OOO 














1617 

1419 

2,000 

1,705 


B| 











17 18 


2,000 

1,710 

1 0 

4 1 











18 19 

141 9 

2,000 


10 

47 











19 20 

1417 

2,000 

1,540 

10 

2 4 











20-21 


2,000 

1,356 

10 

24 

44 

013 

1 9 

48 

52 

20 

67 

0 31 

00 

6 22 

21 22 

144 8 

2,000 

1,406 

10 

34 











22 23 

143 0 

2,000 


10 

20 











23 24 

148 2 

2,000 


10 

1 4 











24 25 


2,000 


10 

09 











25 26 


2,000 


10 

m 











26 27 

144 9 

2,000 


10 

D 











27 28 

146 3 

2,000 

1,755 

10 

3 0 











' 28 29 

1481 

2,000 


10 

20 











■ 29 30 

1481 

2,000 


10 

1 5 











80-31 

149 6 

2,000 


10 

1 6 











'31Jan 1 


2,000 


10 

20 











1 2 


1,600 


10 

1 8 











2 3 

151 4 

2,000 

1,170 

10 

12 











'' 3- 4 


2,000 

1,708 

10 

30 

40 

0 24 

3 5 

96 

39 

21 

67 

6 45 

5 78 

6 29 

4 5 

152 9 

2,000 


GO 

29 











, 6 6 

I ‘ 

150 5 

600 

910 

60 

62 











1 6 7 

1518 

970 

760 

6 0 

58 











7 8 

1618 

1,200 

755 

60 

60 











8 9 

155 3 

2,000 

890 

60 

38 











910 

155 3 

2,000 


60 

32 











1 1011 

155 3 

2,000 


m 

41 











11 12 

155 3 

2,000 


60 

34 










■ 


* Weight used for index = 71 8 Kg 



























































Urea Index 


Chlond Index 



























TABLE 7 — Data in Case 7 — (Continued) 


Date 

Weight, 

Lbs 

Fluid 

E'ichange 

Chlorid 

Exchange 

Phenol 

sul- 

phone 

phthgl 

em 

Urea Index 


Chlorid Index 

Blood 

Urea 

0 

D 

Index 

0 

D 

Plasma 

NaCl 

Oalcul 

Plasma 

NaCl 

Thrps' 

old 

In 

Out 

In 

Out 

March 
















29 30 

1515 

1,200 

710 

14 

34 











30 31 

150 5 

1,200 

800 

11 

37 











SO-Apr 1 


1,200 

900 

11 

52 











1- 2 

149 0 

1,200 

930 

12 

46 











2 3 

147 5 

1,200 

920 


54 











3- 4 

146 0 

1,200 

1,650 


53 

55 

0 21 

35 

10 3 

55 

31 

90 

5 89 

6 85 

566 

4- 5 

144 0 

1,200 

1,900 


83 











5- 6 

142 0 

1,200 

1,100 

13 

29 











6 7 

140 0 

1,200 

1,000 

13 

36 











7- 8 

139 0 

1,200 

1,430 

16 

41 











8 9 

138 5 

1.200 

1,050 

16 

27 











910 

138 5 

1,200 

1,000 

16 

30 











10-11 

138 5 

1,200 

900 

IG 

18 











1112 

139 0 

1,200 

760 

16 












12 13 

140 0 

1,400 

600 

18 












13 14 

1410 

1,350 

1,020 

17 












14 15 

1415 

1,350 

994 

19 


24 

017§ 

2 8§ 

6 6§ 


08 

23 

603 



15 16 

140 5 

1,350 

590 

18 












1617 

142 0 

1,350 

720 













17-18 

142 5 

1,350 

1,220 

10 

37 










» 

18-19 

1410 

1,350 

1,120 

10 

11 











19 20 

1415 

1,350 

1,390 

10 

13 


0 39 

57 

22 2 

43 

07 

28 

600 



20-21 

1410 

1,350 

1,120 

10 

07 










> 

21-22 

142 5 

1,350 

1,380 

10 

07 










> 

22 23 

140 5 

1,350 

1,450 

10 

23 











23 24 

140 5 

1,350 

910 

10 

06 










1 

24 25 


1,350 

1,450 

10 

0 5 










■ 

25-26 

140 0 

1,350 

1,720 

10 

1 1 










f 

26-27 

140 0 

1,350 

1,290 

10 

18 










j 

27 28 

139 0 

1,400 

1,401 

80 

35 

40 

0 28 

59 

211 

81 

19 

67 

6 94 

5 79 

5 771 












36 

39 

6 24 

5 78 

6 081 

28 29 


1,350 

1,078 

10 

33 






38 

52 

6 34 

5 70 

6161/ 












3 5 

4 1 

6 33 

5 78 

6 I7!j 

29 30 

140 0 

1,350 

1,380 

09 

29 






41 

48 

616 

5 80 

5 98°. 

30-May 1 

130 0 

1,350 

1,830 

10 

50 










1 

1- 2 

137 5 

1,350 

1,650 

10 

53 










t 

2 3 

137 0 

1,760 

1,432 

10 

16 










1 

3- 4 

137 0 

1,350 

1,180 

10 

08 










f 

4 6 

136 7 

1,350 

950 

10 













■f At 9 a m , 3 5 gm NaCl at 12 n , 3 5 gm KaCl at 1 p m 
t At 1 p m April 27 
If At 3 p in April 27 
" At 5 p in April 27 
” At 12 n Anril 2S 
^ Results uncontrolled 









TABLE 7 — Data in Case 7 — {Continued) 



Weight, 

Lbs 

Fluid 

Chlorid 

Phenol 

1 sul 
phone 
phthal 
ein 

1 Urea Index 

Chlorid Index 

, Date 





Blood 

Urea 






Plasm? 

NaCl 

Calcul 

Plasma 

NaCl 

Thresh 

old 

In 

Out 

In 

Out 

C 

D 

Index 

0 

D 

May 
‘ 5- 6 

135 5 

1,350 

1,0S0 

10 

08 

- 










6- 7 


1,350 

830 

10 

05 











■ 7 8 

136 5 

1,350 

730 

10 

04 











8 9 

136 5 

1,350 

730 

40 

04 




1 

i 

i 

1 





1 910 

137 5 

1,360 

720 

40 

06 








! 



' 10-11 

138 0 

1,350 

840 

40 

04 











!' 1112 

139 5 

1,350 

700 

40 

10 











1' 1213 

140 5 

1,350 

1,380 

40 

02 




1 





1 


1 13 14 

1410 

1,350 

715 

40 

21 





i 






1415 

1410 

1,350 

770 

40 

2 1 











‘ 15-16 

142 0 

1,350 

1,236 

40 

23 

52 

0 34 

88 

21 8 

70 

1 5 

37 

6 24 

5 74 

612 

.t 16-17 

143 0 

1,350 

870 

40 

24 











' 1718 

143 5 

1,350 

1,140 

09 

22 











, 18-19 

143 5 

1,350 

1,360 

Ob 

12 











19 20 

143 0 

1,350 

960 


09 











1 20-21 



815 


07 











2122 
‘ 1917 

I unc 26 



1,240 


04 

50 

028 

31 

15,3 

43 

2 2 

1 

1 

: 108 

0 29 

5 85 

605 

Jov 28 






05 

0 21 

24 

18 0 

79 

21 

15 8 

650 

580 

623 




( 


I ' 

\ 


I 




TABLE 8 — Data ik Case 8 


Date 

Weight, 

riuid 

Exchange 

Chlorid 

Exchange 

Phenol- 

£Ul- 

pbone- 

phthal 

em 

Urea Index 

Chlorid Index * 

Blood 

Urea 

C 

D 

Index 

0 

D 

Plasma 

NaCl 

Calcul 

Plasma 

NaCl 

Thresh 

old 


In 

Out 

In 

Out 

Pec 

4* 5 


880 

1,073 


07 

20 

125 

14 9 

20 4 

8 

03 

04 

6 411 



5- 6 

166 3 

1,800 

1,140 

24 

0 5 











6- 7 

1650 

130 

1,140 

24 

06 











7 8 

163 5 

130 

1,000 

24 

09 











8- 0 

163 5 

1,800 

1,240 

24 

17 











910 

1621 

130 

1,115 

24 

11 











10-11 


130 

1,100 

24 

1 1 











1112 

1613 

130 

1,000 

24 

1 2 











12-13 

1617 

1,500 

920 

11 

13 









i 


13-14 

160 4 

1,500 

1,060 

11 

1 5 




1 







14-15 

159 7 

1,500 

950 

11 

17 









1 

1 

1516 

159 3 

1,500 

950 

11 

1.8 











1617 

159 0 

1,500 

995 

11 

17 











1718 


1,500 

840 

t 

19 











18-19 

158 6 

1,500 

m+ 

1 

; 

20 











19 20 

158 4 

1,500 

870 

11 

20 











20-21 

1591 

1,500 

768 

11 

15 






i 





2122 

158.8 

1,500 

790 

11 

19 






i 





22 23 


1,500 

1 830 

11 

19 











23 24 

150 0 

1,500 i 

1,180 

11 

25 


j 





j 




24 25 


1,315 

1,560 

11 

4 4 











25-26 

160 0 

1,500 

1,125 

11 

24 











26-27 

157 0 

1,535 

1,600 

11 

19 











27 28 


1,500 

1,275 

11 

20 











28-29 

155 0 

130 

1,600 

11 

20 











29 30 

1550 

1,500 

1,225 

11 

22 











30-31 

1560 

1,500 

1,300 

11 

1.8 











31 Jan 1 

155 5 

1,500 

1,375 

11 

2J8 











1 2 

155 5 

1,500 

1,250 

11 

30 











2 3 

155 5 

1,460 

1,300 

11 

22 











3 4 

154 5 

1,500 

1,700 

11 

31 




- 







4- 5 

154 5 

1,500 

1,410 

11 

33 











5- 6 

153 5 

1,500 

1,230 

14 

13 











6- 7 

153 5 

1,500 

1,600 

14 

4.8 











7- 8 

152 0 

1,500 

1,740 

14 

Z 5 











8- 9 

151 5 

1,500 

1,480 

14 

34 











910 

149 5 

1,500 

1,360 

1 4 

27 












* "n’eight nsed for index = 5S l>g 
I Uncontrolled 
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TABLE 8 — Data in Case 8 — (Continued') 



Weight, 

Lbs 

iriuid 

Chlorid 

Phenol 

sul 

phono 

phthal 

cin 

Ilrcn Index 

Chlorid Index 






Blood 

Urea 






Plasma 

NaCl 

Oalcul 

Plasma 

NaOl 



In 

Out 

In 

Out 

C 

D 

Index 

0 

D 

Old 

Jan 

10-11 

150 0 



14 

35 











1112 

149 5 



1 4 

31 











12 13 

149 5 



1 4 

48 











1314 

148 5 



14 

37 











14 15 




1 4 

40 











15 IG 

147 5 



1 4 

41 

5 

039 

62 

19 

5 






1C 17 

147 0 



1 4 

42 











17 18 

146 5 



14 

42 











18-19 

146 5 



14 

4 0 











19 20 




1 4 

34 











20-21 




1 4 

4 5 












143 5 



1 4 

45 











22 23 




1 4 

42 











23 24 

142 5 



1 4 

56 











24 25 

1417 



1 4 

65 











25-26 

1413 


780 

14 

2 5 











! 26 27 



480+ 

1 4 

1 5 

15 

0 22 

41 

73 

47 

32 

68 

6 31 

6 83 

611 

, 27 28 

142 0 



1 4 

60 











[. 28 29 

1410 



14 

72 











29 30 




14 

88 











1 30-31 

138 0 



1 4 

83 











ll-Peb 1 

135 5 



1 4 

57 











1- 2 




1 4 

70 











2 3 

132 5 



1 4 

4 3 

16 

0 28 

27 

10 3 

40 






3 4 

130 5 



20 

76 











' 4 5 

131 5 


1,940 

20 

50 











5 6 




20 

75 











6 7 

127 5 



17 

84 











7 8 


1,500 


17 

76 











' 8-9 

123 5 

1,500 

2,380 

18 

78 











• 910 

1210 

1,500 


1 7 

74 











1 10-11 

BB 

1,500 

2,290 

1 7 

73 











, i 1112 

118 0 


2,450 

17 

82 











1 1213 

116 5 


B1 

1 8 

88 











13 14 

115 3 


2,510 

18 

8 4 











1415 



2,255 

18 

84 

25 

038 

49 

10 5 

25 

4 3 

93 

6 26 

5 90 

5 98 

15 16 

I 

mo 

? 

2,310 

18 

82 




































TABLE 8 — Data in Casl 8 — {Continued) 



Weight, 

Lbs 

Fluid 

Exchange 

Ohlorid 

I xchungc 

Phenol 

Urea Index 

Chlorld Index 


phone 

phthal 

cin 

Blood 

Urea 






Plasma 

LaCl 

Calcul 

Plasma 

NaOl 

'I’lire-li 

old 


In 

Out 

In 

Out 

0 

D 

Index 

c 

D 

Feb 

1017 

109 5 



18 

50 











17-18 




18 















1,580 

21 

3 5 











10 20 

107 5 

1,500 

1,220 

23 

10 












100 7 

1,500 

1,070 

1 8 

1 3 










1 

21 22 

108 5 

1,500 

1,()00 

1 8 

09 










J 

22 23 

108 8 

1,500 

1,550 

1 8 

00 











23 24 

109 0 

1,500 

1,028 

18 

11 

- 

0 59 

5 7 

87 

0 

1 4 

. 1 

588 

5 72 

5 78 

24 2j 

107 0 

1,500 

1,300 

1 8 

1 4 











25 20 

109 5 

1,500 

1,500 

1 8 

12 











20-27 

108 3 

1,500 

1,400 

1 8 

0 0 











27 28 

109 0 

1,500 

1,000 

18 

00 











28-Mar 1 

HOB 

1,500 

2,000 

18 

00 











1 2 

109 5 



1 8 












2- 8 



1,045 

1 7 












8 4 




17 



1 

1 








4- 5 




18 

08 











5 0 



2,132 

1 4 


21 

0 01 

71 

171 



13 

0 33 



0 7 

110 5 

1 500 


17 

09 










1 

7 8 

8 9 

114 5 

114 5 


1,077 

2,000 

11 7 

1 8 

21 

27 






07 

00 

10 

07 

0 48t 

0 50t 


1 

J 

1 

910 

115 0 

1,500 


18 

34 










1 

10 11 

112 5 

1,500 


1 8 

32 










! 

11 12 

113 5 

1,500 


1 8 

2 4 










i 

12 18 

113 8 

1,500 


18 

1 0 










i 

1314 

114 0 

1,500 

2,000 

1 8 

1 8 











14 ID 

113 5 

1,500 

1,400 

18 












1510 

113 5 

1,500 

1,595 

17 

1 0 


1 








10 17 

114 5 

1,500 

1,840 

17 

1 2 


1 

i 








17 18 

114 5 

1,500 

2,080 

17 

1 5 


1 








18 19 

113 0 

1,500 

1,780 

1 8 

1 5 











10 20 


400 

830 


1 4 





j 





20 21 


1,025 

1,820 

2 4 

2 2 





1 




1 

21 22 


2,115 

1,950 

21 

4 2 










■ 

22 23 

111 5 

2,280 

2,200 

29 

31 










1 

1 

23 24 

113 0 

2,155 

1,080 

2 2 

23 










\ 

24 25 
1017 

111 5 

2,200 


1 7 

1 5 

21 

0 37 

80 

85 

27 

B 

1 0 

0 35 

5 72 

C27j 

May 1 






38 

0 20 

3 4 

4 4 

•51 

■ 

7 9 

050 

5 90 

1 

0 22! 

! 


t At 10 n m 

J At 11 11 in , in Km NnCl at 10 ’O a m 
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had a laige diuiesis were uniformly emaciated The final urine exam- 
ination showed albuminuria in every case but Case 2, although red 
blood cells persisted in only one case (4) Case 2 was accepted for the 
National Army m August, 1917, and the man sailed for France in 
January, 1918, apparently well Cases 3 and 4, after about a year, are 
in perfect health and have resumed then previous work without diffi- 
culty In Case 5 the man reports, after seven months, that he is too 
well to return for observation In Case 1 the woman reports that she 
IS sick in bed in another city Case 8 says that he feels better than 
ever before in his life, although he still has hypertension and albu- 
minuria Case 7 had a long period of peisistent edema, weakness and 
dyspnea, but when last seen, over a year after her admission, had no 
edema and was symptomaticall}’’ very much improved In brief, the 
final results show clinical reco\ery in three out of six acute cases, 
reported freedom from symptoms in one, and unknown illness after 
practical recovei}'’ m one Neither chronic case made a clear-cut 
recovery, although they are both symptomatically well at present 

DISCUSSION OF FUNCTIONAL FINDINGS 

The phenolsulphonephthalein test, the renal test day, the blood urea 
and urea index were used in the functional studies A renal test day 
was done on five cases (Table 1), in each case during the last of the 
hospital stay and during a period of water balance as evidenced by a 
constant weight The balances of salt and nitrogen, so frequently 
included m the performance of this test, were omitted because of the 
obvious unreliability of a twenty-four-hour experiment Moreover, 
in view of its great dependence on a factor so variable as the amount 
of water excreted, systematic determinations of the specific gravity 
over a brief period must be very carefully interpreted There was 
nocturnal polyuria m all the cases, most marked in Case 2, which in 
every way was the mildest The night specific gravity was below 
1 019 in all except Case 7, in which it was 1 022 The variation of 
specific gravity during the test day was consistently normal except in 
Cases 1 and 4 But since this variation is worth little more than its 
highest figure, indicative of the concentrating ability, we can say that 
every case except Case 4 showed in some specimen during its course 
a normal power of concentration, 1 020 or above , in fact, one of the 
chronic cases concentrated more highly than is seen in the average 
normal specimen Of the two cases (1 and 4) showing ‘maximal 
impairment” of the test as a whole according to Mosenthal, Case 1 did 
not have a subnormal renal function at any time during the period of 
observation, and Case 4 made a complete recovery, reaching a concen- 
tration of 1 028 some months later It seems clear that in acute 
nephritis, the renal test day is of no great value, it may, indeed, be 
quite misleading 
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The pheiiolsulphonephthalein excretion of the series covered a 
range of figures from 0 to 79 per cent , varying considerably in the 
individual cases and often far from consistent with the clinical and 
laboratory findings If, however, only gross changes are consideied, 
they assume a certain significance The admission phenolsulphone- 
phthalem was 20 per cent or less in the three most severe cases (5, 6 
and 8), but in the other five, varying from 26 per cent to 65 pei cent , 
there is little relation between the picture implied by the first phenol- 
sulphonephthalein excretion and that found to be true by longer study 
Foi example. Cases 1 and 2, m every way the least severe, show excre- 
tions of 28 and 44 per cent , respectively, while Cases 3 and 7 with far 
more persistent disease, excreted 65 and 58 per cent But m all the 
cases subsequent observations fit in moie satisfactorily with the rest 
of the picture, so that it is possible to say that the average phenolsul- 
phonephthalein excretion gives a fair idea of the severity of the dis- 


TABLE 9 — Data of Iests in Author's Casts 


Case 

Night 

Total 

Night 

Sp Gr 

Variation 

Sp Gr 

Total 

Output 

Weight 

Balance 

Time in 
Course 

function 
at Time 

1 

705 

1013 

1 008 1 010 

2,220 

I 

0 

I 

Late 

Normal 

2 

1,815 

1015 

1 011-1 028 

1,913 

8l neg 

Late 

Normal 

3 

605 

1010 

1 010 1 030 

1,357 

0 

Late 

Normal 

4 

012 

1010 

1 008 1 012 

1,254 

0 

Late 

Phth normal 








Ambard 30 

5 

1 


1 023 1 012* 





G 



1 022 1 019* 





7 

604 

1022 

1 016 1 026 

1,332 

0 

Bate 

Normal 

8 



1 014 1 026* 


1 




* Variation during observation In hospital, no test day given 


ease These cases suggest that m acute nephiitis variations above a 
level of 20 to 25 per cent are rarely of real functional significance, 
although one may add that a figure below 20 per cent is of lather 
more serious impoit, not of the immediate outcome but of the degree 
of involvement as demonstrated by other methods of study Yet it is 
necessary to note the complete recovery of the patient, Case 4, who 
excreted on one occasion only 15 per cent of phenolsulphonephthalein 
Uiea retention was found on admission in only three cases (5, 6 
and 8) , most marked in the fatal case, but above 1 2 gm per liter in 
each Three of the other cases (1, 2 and 7) showed no elevation during 
then entire period of observation, but the remaining two patients 
(Cases 3 and 4) presented an unusual picture On a low nitrogen and 
salt diet they retained urea steadily, leaching in the first instance a 
crest of 0 / I gm in two and a half weeks, and in the second a crest of 
0 96 gm in five weeks These figures decreased gradually and were 
normal on the patients discharge in spite of increased nitrogen in the 
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diet To summarize the acute cases, the highest figure for blood urea 
was in the only fatal case, the other high figure was undoubtedly the 
next most severe and the two cases without any evidence of poor urea 
function were the most favorable, the blood uiea estimations, there- 
fore, have provided the most consistently valuable means of determin- 
ing the degree of the process in any given case Even here we cannot 
avoid noting that the chronic case, in which recovery was most delayed, 
showed at no time a retention of urea 

A study of the laws of urea excretion as formulated by Ambard 
and confirmed by McLean pictures to the reader physiologic laws so 
definite that they can be mathematically expiessed, variables so few 
that they can be included in a small formula, a formula that will give 
exact expression of the ability of the kidney to excrete urea On 
determining a number of indexes and observing the wide disci epancies 
found in the same person, normal or pathologic, the inclination is 
strong to discard the formula entirely Further determinations, how- 
ever, demonstrate that the basal laws may be applied m a very general 
wa>, and that the index, if interpreted liberally, may often contribute 
something of value to the diagnosis, although isolated determinations 
iiiay lead far afield In other words, as the expression of a physiologic 
law, the urea index is quite untenable, as are its fundamental formulae, 
but as a rough clinical test of one aspect of renal function, it has a 
place This slight value is due to the fact that a pathologic kidney so 
frequently retains urea and is unable either to concentrate normally or 
to excrete the usual amount of uiea, all factors tending to decrease 
renal function as expressed by the index If we overlook variations 
above the normal and consider the usual rather than the average 
figures during a period of observation, we have in the urea index an 
expression of the geneial renal function that fits fairly well with the 
impression gleaned from other data The two mildest cases (1 and 2) 
of our series were always normal or above. Cases 3 and 4, somewhat 
more severe, were more frequently below normal, while Case 6, with 
fatal outcome, presented the greatest impairment Of the chronic 
cases, one finds in Case 7, nine out of seventeen indexes below normal, 
within variations from 34 to 200, and in Case 8, consistently low 
results throughout In only one case (5) was there constant agree- 
ment between the Ambard and the phenolsulphonephthalein, but in the 
majority there were striking discrepancies, for example, in comparing 
the figures of Case 1 on admission and discharge, we see that the 
Ambard drops from 235 to 75, while the phenolsulphonephthalein rises 
from 38 to 64 per cent , and in Cases 2 and 3, with practically constant 
phenolsulphonephthalein excretions, the urea index goes from 70 to 
118, in one, and from 9 to 133 in the other But the fact remains that 
the average gross function expressed by the two tests agrees within 
the limits of clinical necessity, for forty-two subnormal Ambards were 
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accompanied by thirty-five subnormal phenolsulphonephtlialeins , this 
111 sixty-two observations (Assuming phenolsulphonephthalein 50 per 
cent and Ambard 70 as normal limits ) But I would hasten to say 
that even model ately rigid interpi etation of the Ambard as a real 
index of the degiee of impairment of urea function may lead to the 
gieatest erior This ciiticism of the Ambard is based on such obser- 
vations as the following In Case 2 at constant levels of blood uiea, 
an increased watei excretion caused a 28 per cent deciease in the 
index, although the rate of excretion (D) was the same, February 28, 
volume of urine, 94 c c , blood urea, 0 38 gm , rate D, 22 5 gm , index, 
98, March 14, volume of mine, 204 c c , blood urea, 0 37 gm , rate D, 
22 4 , index 70, while in Case 3 the apparent function was higher when 
the kidney excreted at the rate of 7 gm than when it excreted 13 gm 
June 21, the blood urea was 0 29 gm , mine concentration 9 4 gm , 
rate D 7 0 gm , index 32, and on July 12 the blood uiea was 0 28 gm , 
urine concentration 1 7 gm , rate D 13 4 gm , index 27 

Four obseivations under constant conditions on Case 4 with lates 
of excretion varying less than 0 5 gm showed indexes from 22 to 50 
due mainly to small fluctuations in the blood urea Case 8 had a rate 
of 2 gm during a period when the blood urea was decreasing and a 
rate of 10 gm during retention, although the blood figures at the two 
observations were the same 

While the wide variations of the urea index ai e not always accom- 
panied by comparable changes m renal function as judged by othei 
means, yet these results have a certain scientific interest The most 
sinking observation in the senes is the fact that there was m every 
case a diop in the index during clinical improvement In Case 1 a 
decrease from 235 to 75 unaccompanied by any other evidence of 
functional change has only an exceptionally low blood urea (01 gm 
per liter) in the first observation to explain the higher figure Two 
months aftei the lower figure (75) was found, another determination 
was made and with an unchanged blood urea a 40 per cent increase 
in the water output raised the index to 111 Case 2 immediately after 
diuresis fell from 98 to 70, although the blood uiea and total excre- 
tion (D) weie constant One month latei, the extraordinary figure of 
531 was obtained, notwithstanding the fact that the late of excretion 
was practically the same as that of the other six observations , 
explicitly it was 20 gm as compared with an average of 19 gm on 
previous determinations ranging from 16 to 22 gm There were too 
few observations on Case 5 to permit satisfactoiy discussion of his 
lesults, but here again there is a drop from 18 to 9 after diuresis, 
although the patient continued to improve While these three cases 
aie similar in a lowered urea index after marked clinical improvement, 
there is in no case an accompanying change in the other tests of renal 
function, in particular, no urea retention, and in Cases 1 and 2 the 
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changes are seemingly due to the vagaries of the formula There is, 
however, quite a different picture in Cases 3 and 4, in which the falling 
Ambard is paralleled by a retention of urea and a moderate decrease 
in the phenolsulphonephthalein excretion Case 3 during a remark- 
able diuresis, losing 38 pounds in nine days, went from 0 27 to 0 45 gm 
per liter, and after coming into balance eight days later the figure was 
0 71 gm During this time the index dropped from 65 to 9, although 
the rate of output (D) Avas the same for both observations Mean- 
while, the nitrogen intake A\as constant and there was no change m 
the patient’s general condition Case 4 lost very little weight, but the 
blood urea increased steadily from 0 27 to 0 96 gm per liter m a period 
of five weeks, while her index dropped from 28 to 5 Her nitrogen 
intake was decreased from 10 gm to 5 gm one week after the first 
sign of retention In both cases the urea fell from its highest figures 
to normal in about ten days, with a coincident rise m the Ambard 
and phenolsulphonephthalein but with no other observed changes It 
IS important to point out the absolute clinical unsimilanty of these 
tivo cases There was no significant abnormality of salt function 
accompanying this phenomenon 

This puzzling urea retention while the patient is recovering may be 
due to a general impairment of renal function, or, overlooking the 
rather inconsistent phenolsulphonephthalein variations, to some change 
111 the urea mechanism Mason’s® suggestion that the first normal 
figures are due to a stimulated function requires the rather difficult 
assumption that the process, the nature of Avhich is unknown, markedly 
impairs the renal function for AA'ater and salt, AAhile at the same time 
it stimulates the urea function MoreoA'er, since every case but one 
(Case 1) m this series returned to a function at least as high as the 
original one, under “stimulation,” it seems more probable that the 
original figure AA'^as merely a fairly normal one, Avhile the “slump” A\as 
due to some factor occurring in the course of the disease It is obvi- 
ous that the retention is too much delayed to be a phenomenon of 
blood concentration An increased blood urea may be due to an 
unusual presentation of urea to the body, here Ave haA’^e tAA'O factors 
to be considered, the Ioav caloric diets forcing use of body protein and 
the considerable Avasting during diuresis But both these factors Avere 
present in Case 2, A\ffiile in Case 4 an early decrease of 5 gm in the 
nitrogen intake did not influence the course The other obvious manner 
of increasing the blood urea is by a loAvered poAver of excretion 
There may hai^e been renal fatigue due to the large excretion of Avater 
or salt, but the striking diuresis in Case 2 AA^as not thus effective Since 
Ave knoAV nothing of the nature of this disease, or diseases, AA^e can, of 
course, suggest that this curious functional change may be part of its 


5 Mason The Archwes Ixt Med, 1918, 21, 261 
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natural course The most convincing argument that a decreased urea 
function was not instrumental is the picture m Case 4 Here e ha^ e 
an increase of blood urea in a rate of excretion (D) of 6 to 15 gm , 
and a decrease on a constant excretion of 4 gm (four observations), 
over a period of six weeks , in other words, during retention the kid- 
ney was excreting urea much better than when there was the opposite 
reaction What difference can it make that the kidney was working 
under the stimulus of a greater blood urea when it was excreting at 
the higher rate^ If the kidney could take care of a certain intake of 
nitrogen with a rate of 4 gm , it should certainly do so with a rate of 
15 gm The writer realizes that the essential weakness of this argu- 
ment IS that his rate (D) is calculated from an isolated two hour obser- 
vation, as IS Ambard’s index, but the consistent difference between the 
two sets of figures may lessen the weight of this criticism Where, 
then, may ne seek an explanation of this retention if we cannot find 
an increased production of urea or a definite decrease in the ability of 
the kidne^^ to excrete it If ne decline to consider the kidney a fixed 
and unchanging valve m the bottom of a C 3 dmder of blood, and remem- 
ber that It IS of the same fundamental substances and subject to the 
same lavs that apply to blood, then we cannot be so exacting in our 
demand for a mathematical relationship between the blood urea and 
urine urea Since this organ of excretion is itself so largely composed 
of blood, it seems obvious that its function cannot be expressed by a 
constant but will depend on the physico-chemical changes that may 
occur in the blood There may, therefore, be shifts m the constituents 
of the blood that will not be mirrored by the urine In Case 6 a rising 
blood urea is accompanied by a fall in the plasma chlorid to the 
extremely low level of 4 45 gm per liter, although there had been 
complete retention of chlorids for a period of some weeks This 
change may be due to a shift in other blood constituents, and was 
probably necessar)^ to preserve the osmotic relations W'e have dis- 
cussed this “recovery retention” at greater length than our material 
desen-es, because it seems to point to variables not recognized by our 
piesent formulae of urea excretion 

It is interesting to consider the widely a arying urea indexes found 
in these patients in vien of McLean’s*^ suggestion that fixation of the 
index is a sign of moderate renal impairment Case 7, for instance, 
with chronic renal disease, varied from 34 to 200 , others varied even 
more strikingly 

DISCUSSION OF SALT AND WATER EXCHANGE 

Edema was present in ever} case In two cases, 1 and 4, it had so 
greatly diminished before admission that there was no striking diuresis 
under obsen^ation These patients lost a little weight and swept out 

6 ]\IcLean Jour Exper Med , 1917, 26, 181 
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small quantities of salt, but they came ver}'- quickly into equilibrium 
and remained so Case 6 was never able to excrete salt or water and 
his edema steadil}^ increased until death There was in Case 5 a con- 
tinued loss of -weight amounting to 35^ pounds for the month of 
observation, and the patient’s salt and w^ater balances were consistently 
negative Twm cases, however, show^ed a remarkable diuresis , Case 2 
lost 30 pounds, and Case 3, 41 pounds in eleven days, the daily losses 
reaching as high as 10 pounds The decreasing edema was accom- 
panied by a great sw’'eeping out of salt and water, but after reaching a 
constant w'^eight neither patient show'ed any abnormality of salt or 
water function in the daily balances 

The sequence of events in diuresis w^as possible of study in Case 2 
and in certain periods of Case 7, one of the chronic cases who had 
alteinate periods of increasing and decreasing edema It seems clear 
that the salt function is the first to be regained, followed at varying 
intervals by the pouring out of water wuth a coincident decrease in 
weight Case 2 w’-as excreting comparatively little w'ater the first day 
of admission, but had already begun to put out large quantities of salt, 
the next day the w^ater elimination more than doubled with a quite dis- 
proportionate increase in salt excretion Events moved so rapidly here 
that a close analysis is impossible, but in Case 7 , at one period the salt 
excretion began steadily to increase ten days before the increase in 
water excretion or the drop m weight was evident This relationship 
of the salt excretion to diuiesis is confirmatory of other known facts 
that point to a ^ery close relationship between chlorid function and 
edema Another feature of the mechanism demonstrated by Case 2 
IS the fact that the water loss by urine and stool during diuresis covers 
a surprisingly low'^ peicentage of the w'eight loss for the period Over 
tw'O periods, one entirely accurate and the other practically so, this 
case had daily w^ater loss of 1,110 cc, and 1,285 cc, respectively'’, to 
be accounted for by vaporization This is a definite increase above 
normal and demonstrates that the skin and lungs may assume a large 
share in the excess excretion of water It is interesting to note that 
the amount of chlonds that should theoretically' be excreted, were the 
w'eight lost a solution w'lth the concentration of the blood, agrees fairly 
w'ell w'lth actual salt loss In Case 2, over a seven day period the 
theoretical figures for a 12 7 kg loss of Aveight would be 76 gm , and 
actual loss was 63 gm Case 3 in seven days lost 76 gm compared 
with a calculated 78 gm , and in Case 5 for twenty-five days it w'as 
94 gm theoretical, 74 gm actual Of course, these balances are not 
entirely accurate, for the chlonds of stools and sweat were not esti- 
mated Nevertheless, they are sufficiently close to suggest that there 
is no storing of chlonds m concentrations above that of the blood 
Four of the cases were given varying amounts of added salt during 
convalescence and m no case was there gain in w'eight or failure to 
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handle the extia intake, which was 3 3 gm in Case 1,4 6 gm in Case 2, 
8 8 gm in Case 3, and 2 gm in Case 4 It may be added that the 
couise m Case 3 seemed to point out that ovei 8 gm was too much to 
be given safely in these cases Both of the chronic cases gained weight 
when salt was administered, and it is woith noting that in salt func- 
tion only did their findings dififei characteiistically from the acute 
cases 

The conccntiation of chlorids in the plasma was generally at its 
highest point on admission and deci eased during diuiesis in every 
instance, the greatest drop was 065 gm pei liter in Case 5, and the 
most lapid diop was in Case 2, in which it fell 0 35 gm in three days 
Although the association of a high concentration with marked edema 
IS apparently anothei result confirming the causative role of chlorids 
in this abnormal accumulation of fluid, it must be noted that three of 
the cases leturning without edema after a peiiod of ordinal y diet had 
high figures, so it is possible that the low chloiid diet under treatment 
accounts for this diop after admission The plasma chlorid was 
always lowei during a salt poor diet, increasing with the addition of 
more salt, but the variations thus caused were relatively small, the 
greatest inciease was only 023 gm per liter in Case 3, after seveial 
days of 8 8 gm of salt a day One of the most interesting observations 
was the marked fall in concentration in Case 6 ( from 6 19 to 4 45 gm 
per liter) over a period of practical suppression of urinary chlorid 
excretion Subcutaneous edema fluid, uncontaminated by blood, 
obtained at operation, showed the same low figure, as did also the chest 
fluid, we may, therefore, assume a fairly general fall in body fluids 
There was a coincident increase m edema, but it was not sufficient to 
charge the change in concentration to dilution of the blood, as the fol- 
lowing calculation will show At a concentration of 5 gm to the liter, 
an increase in weight of 7 7 kg would require 38 5 gm of salt to bring 
its concentration to that of the blood, whereas the amount of salt 
given up by 56 kilograms of body fluids (70 per cent of the body 
weight) 111 a drop of 1 67 gm pei liter, would be 66 gm , and there 
was, moreover, a positive balance, intake and urine output, of prac- 
tically 50 gm It is clear, therefore, that we may have a gradually 
inci easing total salt content in the body with a diminishing concen- 
tiation 111 the plasma not due to dilution by fluid retention We are 
forced to consider it a shift due to changes in the physico-chemical 
environment At least two possibilities are suggested by this case , one 
IS the forcing of the chlorids into the corpuscles by change in the 
caihonate concentration, the ZunsT reaction, or, an increase m other 
blood constituents, such as the high blood urea, may demand a 
readjustment to preseive the osmotic balance In any case, we have 


7 Zunst Beitr z Physiol d Blutes, Bonn, 1868 
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the illuminating fact that there may be a very great change m the 
plasma chlorid concentration independent of intake or urinary excre- 
tion, and paradoxical to the apparent chlorid balance 

In no case was the rate of excretion clearly dependent on the con- 
centration of chlorids m the plasma In general, the latter tended to 

1 email! quite constant when equilibrium Avas established after diuresis, 
while the urinary output was proportional to the daily intake of salt 
\Vith identical plasma chlorids the rate of excretion showed the widest 
variation under different dietary regimes For example, Case 2, with 
with a constant plasma concentration, excreted at a rate of 0 6 gm on 
a salt poor diet, and at 13 6 gm when 4 gm of salt were added daily 
to the intake , Case 3 with 6 13 gm per liter in the blood excreted 

2 2 gm on a very low intake, while seven days later with an increased 
intake his excretion was 9 2 gm and the plasma 615 gm per liter. 
Cases 1 and 4 show the same relation to a lesser degree It would be 
difficult to ascribe these variations to changes in the course of the 
disease If the rate of excretion is so independent of the plasma 
concentration it is evident that the threshold according to McLean’s 
formula could be greatly changed by the ingestion of salt As a matter 
of fact, we find it changing in Case 2 from 5 84 on a salt poor diet to 
5 58 on an intake of 4 gm a day, and similarly m Case 3 from 6 25 to 
5 9 The reaction to a single administration of 7 gm of salt is interest- 
ing It IS most clear cut m Case 2, in which there is a rise in plasma 
concentration of about 0 2 gm with no change in excretion, although 
forty-eight hours later, with the same plasma chlorid, the rate of 
excretion has increased seven times Obviously, some other factor 
than the concentration of chlorids in the plasma was responsible for 
the increased excretion 

The fundamental theory of the chlorid index requires only the 
foregoing data to demonstrate its physiologic impossibility We have 
published elsewhere® eien more conclusn'e evidence of the effect of 
dietary modification on the chlorid threshold in normal individuals 
But the clinical value is quite aside from the accuracy of the formula, 
and if we find a fairly consistent relationship between the threshold 
and the severity of the disease, ive may consider the test of value As 
a matter of fact, while the threshold is elevated in almost every case 
and is highest in the severest case, practically every high threshold 
depends on one of two factors, a low excretion due to a very low 
intake, or a plasma concentration considerably higher than normal 
Of course, this increased concentration may be caused by a raised 
threshold, but Case 6 with a threshold of 6 1 at admission decreased 
nis concentration to an extraordinary extent, although the urinary 
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excretion showed no evidences of increased renal permeability to salt 
Since any threshold determined during a salt-poor regime is entirely 
misleading, the frequency of this regime m nephritis makes the clinical 
application of the chlorid index rather limited This much is clear , 
there IS no definite constant threshold for any individual, nor is the 
height of the threshold an index of the degree of impairment of 
chlorid function More valuable than what the formula expresses are 
the facts ihat may be gathered from a determination of the plasma 
chlorid concentration, together with a knowledge of the daity intake 
and output of salt There are fairly conclusive grounds for saying that 
an abnormally high plasma chlorid on a moderate salt intake may be 
the only evidence of a latent disturbance of chlorid metabolism 

THERAPY 

Since the fundamental principles that underlie this disease are still 
a mystery, all attempts at therapy must take the most general lines 
There is fortunately one brilliant exception in the relation of sodium 
chlorid to edema , a relationship long known if little understood The 
first step in the treatment of acute nephritis is, therefore, restriction 
of the sodium chlorid intake Beyond this move, the general prin- 
ciples suggested by this study may be briefly recounted, remembering 
always that each case is a distinctive picture and will require dis- 
tinctive licatment The caloric requirement of the patient should be 
maintained from the very beginning, in as palatable a form as is pos- 
sible, and after diuresis has occurred he should be moderately overfed 
Empirically, it is wise to give a low protein intake in all cases of acute 
nephritis, the degree of restriction depending largely on the amount 
of urea in the blood To be more explicit, when there is no retention 
of urea, 8 or 10 gm of nitrogen is a safe intake, but if there is an 
abnormal figure, 6 gm should be the upper limit The latter amount 
should not be exceeded if gross hematuria is present Theoretically, 
the urea index should give us the most valuable information about 
the ability of the kidney to handle nitrogenous foods, but the facts 
piesented demonstrate its unreliability for that purpose (Case 3 
V as increasing his blood urea with an index of 25, while Case 5 was 
decreasing his at an index of 15) While a limited (1,200 cc ) fluid 
intake is the method of choice, fluids may be forced (2,500 c c ) v ith 
benefit in certain stubborn cases, particularly if there be nitrogen 
retention The patient should be confined to bed until diuresis is com- 
plete, as evidenced by a week of fairly constant weight, although gross 
hematuria is always a contraindication to being out of bed One can- 
not escape tlie conclusion that our therapy here is merely an attempt to 
pi event traumata that would interfere with nature’s readjustment of 
forces unknown at present 
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GENERAL SUMMARY 

Any attempt to classify this series on an anatomical basis would 
of necessity be entirely speculative and will, therefore, be omitted 
Moreover, until there is some definite knowledge of the physiologic 
anatomy of the kidney, the cataloguing of clinical pictures by anatomic 
names seems to be unjustified and confusing If there be hematuria 
we can say that there probably is some degree of acute inflammation 
and treat the case accordingly But beyond that a diagnosis such as 
giomeiulo-nephritis is incomplete, perhaps unfounded, and does not 
contribute in any way to the tieatment of the case The duration of 
tne pathologic process previous to the appearance of symptoms is 
another point quite impossible to determine, and if it were possible to 
guess fairly accurately, little of value would be contributed thereby 
Case 7, for instance, is called chronic merely because albuminuria was 
accidentally discovered some years before the present attack, which 
otherwise was of an acute onset fairly similar to those of the true 
acute cases 

These patients are grouped together because they became acutely 
ill with the constant presence of edema, albuminuria and hypertension, 
findings of so-called renal origin A closer analysis of the indivdual 
cases proves each to be a separate and distinct picture It is quite 
impossible to subdivide them further without omitting one or more 
essential points of difference One is also unable to predict the course 
or outcome from the original picture on admission Prognosis is, 
therefore, very unsatisfactory Every case is an individual problem 
and only by means of a careful study over a moderately long period 
of time can its status be determined This study should confine itself 
to the scope of our knowlegde of the pathologic physiology of renal 
function First of all, the salt function determined by the concentra- 
tion of chlorids in the plasma, together with the daily chlond bal- 
ance , second, the water balance discovered by frequent weighings and 
obsercation of the fluid exchange, and last, the urea function as 
demonstrated by the height of the blood urea on a known nitrogen 
intake Other factors such as hematuria, anemia, or hypertension 
are, of course, important, but secondarily so In treating diabetes 
we are satisfied, clinically, with its simple terminology and proceed 
to investigate the peculiarities of the disease in a particular individual 
In like manner, it would seem logical to call the type of case described 
in this paper an acute renal syndrome and investigate the variations 
in function peculiar to each case without demanding that every varia- 
tion be added to the terminology of the diagnosis 

In conclusion, one must express the feeling that the investigation of 
this disease has been hindered by an interest too closely restricted to 
the kidneys A broader study of the chemical balances of the body as 
a whole may demonstrate that the kidney is of secondary importance 
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A CLINICAL STUDY OF PNEUMONIA BASED ON 
EIGHT HUNDRED AND SEVENTY-ONE CASES 

WILLARD J STONE, MD (Toledo, Ohio), Major, MC, U S Army 
BRUCE G PHILLIPS, MD (New York, NY), Major, MC, U S Army 
WALTER P BLISS, MD (New York, NY,), Captain, MC, U S Army 

U S ARMY BASE HOSPITAL, FORT RILEY, KAN 
INTRODUCTION 

Only completed cases of pneumonia treated at the U S Army 
Base Hospital, Fort Rile}-, Kan , during the seven months’ period, 
Oct 18, 1917, to May 18, 1918, are included in this report (Fig 1) 
This senes is made up of 668 instances of lobar pneumonia, 181 
instances of measles pneumonia,^ and 22 instances of bronchopneu- 
monia During the period, Oct 1, 1917, to May 18, 1918, there were 
22,854 admissions, making a total incidence for pneumonia of 4 5 per 
cent Of the 668 completed instances of lobar pneumonia, 154 patients 
died, a mortality of 23 per cent Of these 154 deaths, 87 were 
complicated by empyema The mortality of lobar pneumonia without 
empyema was therefore 12 7 per cent 

During the period, Oct 18, 1917, to May 18, 1918, 2,956 cases of 
measles were treated m this hospital The total number of measles 
pneumonia has been 181, making, for the period, an incidence of 
pneumonia in measles of 6 1 per cent Of the 181 cases of measles 
pneumonia, 83 patients have died, a mortality of 45 8 per cent 
Included among these 83 deaths, were 43 deaths from empyema The 
mortality of measles pneumonia without empyema was therefore 
32 5 per cent There were, in addition, twenty-two instances of 
bronchopneumonia not included in the measles group Among these 
there were no empyemas, but there \vere two deaths, a mortality of 
9 per cent 


* Submitted for publication Juty 2, 1918 

*Read before the Section on Practice of Aledicine at the Sixty-Ninth 
Annual l^Ieetlng of the American Medical Association, Chicago, June, 1918, 
by permission of the Surgeon-General, U S Army 

I The term measles pneumonia” refers to pneumonia following measles 
It was impossible, in many instances, to distinguish, clinically, lobar from 
bronchopneumonia, especially if empyema was an early complication 
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Table 1 brings out tbe mortality incident to these difterent groups 
with reference to empyema 


TABLE 1 — Mortai it\ with Ri rrni ncl to Empyema in Pneumonia 


Lobar Pneumonia 

Number 

Number of 
Deaths 

Mortality, 
Per Cent 

With empyema 

142 

87 

612 

Without empyema 

526 

67 

12 7 

Total 

668 

154 

23 0 

Measles Pneumonia 

With empiema 

58 

43 

741 

Without empjema 

123 

40 

32 5 

Total 

181 

83 

45 8 



Fig 1 — Graphic representation of total number of pneumonia patients at the 
Base Hospital, Fort Riley, Jan 1 to May 18, 1918 


DISCUSSION 

It Will be seen diat.tbe mortality in lobar pneumonia was about half 
the mortality of the pneumonia following measles (23 45 8) It has 
b,e-Sh instructive to observe the varying mortality fiom month to month 
depending on features difficult to interpret except on the basis of 
differences in the virulence of the infection Table 2 emphasizes this 
fact and shows how, irrespective of every facility for proper care, the 
mortality with the same general plan of treatment varied from month 
to month 
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January 

February 

March 

April 

May 


TABLE 2— Variability of Mortality by Months 

LOBAR PNEUMONIA 


Number of 
Completed 
Cases 
77 
63 
118 
165 
115 


Number of 
Deaths 
21 
9 
45 
25 
14 


Mortality, 
Per Cent 
272 
142 
381 
151 
121 


January 

February 

March 

April 

May 


measles pneumonia 


40 

11 

27 5 

20 

5 

25 0 

4 

1 

25 0 

30 

8 

26 6 

9 

3 

33 3 


■*= The term “Completed Cases” is used to designate patients discharged trom 
hospital either to duty or death 


Empyema was the most frequent and the most serious complication 
met with in lobar pneumonia as well as in measles pneumonia This 
IS shown in Table 3 


TABLE 3 

—Empyema Incidence 

in Pneumonia 

Incidence, 


Total Cases 

Empyemas 

Per Cent 

Lobar pneumonia 

668 

142 

212 

Measles pneumonia 

181 

58 

32 0 

Bronchopneumonia 

22 

0 

0 

Total 

871 

200 

229 

PER CENT 

or empyema deaths to total deaths 



Total Deaths 

Empyema Deaths 

Per Cent 

Lobar pneumonia 

154 

87 

56 5 

Measles pneumonia 

83 

43 

516 

Bronchopneumonia (not measles) 2 

0 

0 

Total 

239 

130 

54 3 


That the fatality of this complication (empyema) varies likewise 
from month to month under the same general plan of treatment is 
shown in Table 4 


TABLE 4 — ^Fatality of Empyema by Month-s 

LOBAR pneumonia 



Completed 
Empyemas * 

Deaths 

Mortality, 
Per Cent 

February 

8 

3 

37 5 

Afarch 

34 

29 

85 3 

April 

22 

14 

63 6 

Afay 

33 

measles pneumonia 

7' 

212 

February 

5 

4 

80 0 

Atarch 

2 

0 

0 

April 

13 

4 

30 7 

Alay 

4 

2 

50 0 

Afany of these patients were admitted in earlier months but did not figure 
as completed cases until the month specified 
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It Will be noticed from Table 4 that the highest mortality in which 
empyema was the prominent associated pathologic condition occurred 
during the months of March and April These were largely instances 
of overwhelming infection of rapid onset and death within a few days 
The type of infection and the associated pathologic condition will be 
discussed under pathology 

CLINICAL DIAGNOSIS 

It will not be necessaiy to la}' stress on the varying clinical features 
of lobar pneumonia The rapid onset of chill, fever and cough with 
tubular breathing and signs of consolidation, however small, sufficed, 
in the vast majority of cases, to establish the diagnosis Abortive 
cases were occasionally seen in which, after twenty-four hours, all 
signs of tubular breathing and consolidation had disappeared These 
were not included in the statistics 

The roentgenogram may be of great help in making a diagnosis of 
questionable consolidation The patient, shortly after admission, 
should have a chest plate taken Roentgenograms have been taken 
of the chests of patients in about 250 completed pneumonia cases 
Consolidation may not infrequently be detected by this means before 
definite physical signs wan ant a positive diagnosis Such a plate 
serves the purpose of comparison with plates subsequently taken in 
the diagnosis of complications 

In the diagnosis of bronchopneumonia some dependence should be 
placed on the history of previous bronchitis or measles The signs of 
bilateral involvement without definite areas of consolidation and the 
presence of moist crackling rales, especially during inspiration, were 
usually sufficient to establish the diagnosis Unilateral bronchopneu- 
monia was not infrequently observed In bronchopneumonia the 
dyspnea was usually more marked, the accessoiy muscles were used in 
inspiration, cyanosis in many instances was a prominent feature, the 
sputum of a particularly ropy character, and the patient presented the 
picture so well described in the older term of “suffocative catarrh ” 

In the diagnosis of complications (Fig 2) the aspirating needle 
was used early for the detection of empyema Increased frequency 
in respirations or pulse rate, the presence of cyanosis, so-called 
“delayed resolution,” a decreased fever but with increased pulse rate, 
should be sufficient reason for suspicion of this common complication 

Pus was frequently found without any increase in the tempera- 
ture The rule was that if either the temperature, pulse or respirations 
remained elevated, search was to be made for physical signs of fluid 
in the chest Seldom were all the physical signs of fluid present, but 
if any one sign was present, paracentesis was justified Skoda’s 
resonance was present in large effusions Weakened breath sounds. 
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diminished tactile fremitus with decrease in vocal or whispered voice 
resonance were the most valuable signs Bronchophony was noticed 
in some instances or the voice sounds possessed the peculiar nasal 
twang described by Laennec as egophony The roentgen ray was of 
little help in small accumulations of fluid, but was of great help in out- 
lining larger accumulations associated with fibnnoplastic pleural 
thickening 
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Fig 2 — Complications in 871 pneumonia patients 


In performing pleural puncture it has been found beneficial to 
remember that the diaphragm may be higher on the affected side than 
is commonly believed, due to abdominal distention The point usually 
selected was over the area of greatest dulness, after outlining the 
upper limit of the liver in front and side if puncture was to be done 
on the right side Behind, below the angle of the scapula, or laterally 
in the post or midaxillary lines were the usual locations for puncture 
In accumulations in front the neaier the puncture to the sternum the 
greater the danger because of the inUrnal mammary artery and the 
larger vessels 



414 


STONE— BLISS— PHILLIPS 


‘ARCH INT 


The leukocyte count was not of great value m the detection of 
complications, as will be seen from Table 5 It will be noticed that the 
average counts were higher m hronchopneumonia than m lobar pneu- 
monia 

TABLE 5 — Tun LruKocvxr Count in Pneumonia 

Uncomplicated Cases Complicated Cases 


Lobar pneumonia 

64 

28 

Average count 

14,960 

16,100 

Bronchopneumonia 

10 

7 

Average count 

20,450 

19,650 


Pericardial effusion was suspected when any diminution m the 
clearness of the heart tones became evident, particularly if this had 
been associated with an earlier definite friction rub synchronous with 
the heart beat If signs of fluid, as evidenced by an increase in heart 
dulness, were apparent, paracentesis of the pericardial sac was done, 
m no instance with apparent damage The point selected was usually 
slightly below and outside the nipple, the needle pointing upward 
toward the inner third of the left clavicle and backward In one 
instance over 1,000 c c of fluid were removed in three aspirations 
As will be observed in Table 6, serofibrinous or purulent pericarditis 
was found at necropsy in 51 instances, of which 22 were not diagnosed 
prior to death Many of these showed friction sounds at some time 
during the course of the disease which could not be differentiated 
from a pleuropericardial friction rub, especially when associated with 
hyperpnea and rapid pulse Pericarditis occurs frequently enough in 
pneumonia to make it an imperative rule to examine the heart with 
care at each visit Serofibrinous pericarditis occurred clinically in 
approximately 4 per cent of lobar pneumonias, m 2 2 per cent of 
measles pneumonias There were 31 instances Twenty-four of the 
patients died Pericarditis purulenta occurred only in association with 
empyema of subcostosternal pus pockets Of this complication there 
were 20 instances, in all of which death occurred At necropsy the 
pericardium was found distended with quantities of purulent fluid 
varying in amounts from 500 to 1,000 c c In patients coming to 
necropsy at a later stage the visceral layer of the pericardium and 
myocardium was covered with thick organized exudate producing the 
picture of the “shaggy heart ” In one instance erosion of the muscle 
of the left ventricle had occurred, with fibious thickening in the 
region of the A-V bundle, which had produced auricular fibrillation 
and a marked pulse deficit before death The pus showed long chains 
of streptococci 

Diphtheria was simulated in two instances by edema of the glottis 
incidental to a streptococcic infection The larynx should be examined 
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by means of a laiyngeal speculum m any questionable case of beginning 
stridor, since the Klebs-Loffler bacillus is not an infrequent visitor to 
pneumonia waids 

Acute peritonitis was diagnosed m five moribund patients m whom 
the condition was not found at necropsy Ascites was mistaken for 
peritonitis in one instance These conditions weie simulated by abdom- 
inal distention due to toxemic ileus This tympanitic distention so 
frequently seen in pneumonia has been believed to be similar m nature 
to the so-called “paralytic ileus” following abdominal operation That 
it is due to toxemia in pneumonia we have little doubt In a number 
of neciopsies on patients in whom this had been a prominent symptom 
there were found localized ai eas of the descending colon, 4 oi 5 inches 
long, involved in spastic contractuie These areas involved the sigmoid 
and splenic flexure of the colon parliculaily There were usually not 
more than two such areas involved The colon above these areas of 
contractuie was enormously distended with gas while the contracted 
areas weie empty The condition then resembles a spastic rather than 
a paralytic ileus It deserves further study because of the divergent 
methods of treatment required properly to relieve the condition This 
will be discussed under treatment Peritonitis occurred only in con- 
nection with empyema The extension was thiough the diaphragm 
on the side subjacent to the empyema The abdominal surface of the 
diaphragm m these instances was covered with fibrmopurulent plaques 
of exudate At a later stage general diffuse peritonitis was present 

As will be noticed m Table 7, showing the failures to diagnose 
the vaiious complications, endocaiditis was not diagnosed m 72 per 
cent In a number of instances the endocardial lesions were slight, 
but were sufficient to attract attention at necropsy In many instances 
(exact number not recorded), the heart dulness was observed to be 
inci eased to the right during the course of the disease At necropsy 
the right side of the heart was found to be distended and apparently 
dilated, while the left ventricle was found to be firmly contracted in 
systole, probably as a result of the influence of digitalis administered 
to physiologic effect This will be discussed under treatment In one 
instance an open foramen ovale was found undiagnosed until necropsy 
m a patient with a typical “shaggy heart,” the entire pericai dium being 
filled with organized fibrmoplastic exudate 

It will be noted in Table 6 that subcostosternal pus pockets were 
found in 29 instances in 153 necropsies, and that the diagnosis was not 
possible prior to death in any case, although the presence of such 
purulent accumulations weie suspected in many instances from the 
combination of clinical and roentgen-ray evidence An explanation of 
the presence of these pockets m this location is offered m the descrip- 
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tion of the accompanying drawing (Fig 3) This pocket of pus, 
which IS usually situated on the side of the affected lung, but which 
may be bilateral, lies immediately beneath the sternum It occupies 
the space between the median flap of lung composing the upper lobe as 
It lies above the fibrous layer of the pericardium It is not m the 
mediastinum and should not therefore be called a mediastinal abscess 


LYMPH GLAND6 OF 

ANTERIOR PART OF MED1A3TINUM 



\ IHTERmL MAMMARY ARTERY 
2- STERNAL LYMPH NODES 
^ UPPER ANTERIOR MEDIASTINAL GLANDS 
A lower ANTERIOR MEDIASTINAL GLANDS 


Fig 3 — Diagrammatic representation of the lymph glands anterior to the 
mediastinum indicating possible location of pus pockets 

The term subcostosternal pocket desciibes the location and its boun- 
daries The pocket may communicate with other septal pockets or 
other portions of the pleura of the affected side The vessels of the 
hilum may be its deepest limit or the opening to the pleura may occur 
through the normal pulmonary septa This pocket is almost impossible 
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to dram laterally, anteriorly or posteriorly by the usual thoracotomy or 
costatectomy This pocket may be primarily affected and all other 
portions of the pleura be apparently free from pus while this one 
alone remains undramed and unhealed 


TABLE 


-The Ten Most Common Complications in Pneumonia Based 
ON 871 Completed Cases (153 Necropsies), Ease 


1 Empj'ema 200 • 23 0 10 0 

2 Pericarditis 51 5 9 43 0 

3 Large pleural effusions 42 4 8 9 o 

4 Subcostosternal pus pockets 29 3 3 100 0 

5 Pulmonary abscesses 26 3 0 100 0 

6 Peritonitis 24 2 7 62 a 

7 Endocarditis 11 12 /2 0 

8 Miliary tuberculosis 7 08 43 0 

9 Meningitis 3 03 J)0 

10 Pulmonar}' embolism 2 02 50 0 

Thirty-three per cent of pneumonia patients develop one or more compli- 
cations 

This table does not take into account such readilj diagnosed complications 
as otitis media or arthritis 


TABLE 7 — Probability of the Correct Diagnosis of the Complications of 

Pneumonia Founded on 153 Necropsies ^ 

Found in, 

Per Cent 


1 Large pleural effusions 90 5 

2 Emp} ema 90 0 

3 Pericarditis (serofibrinous and purulent) 57 0 

4 Miliar} tuberculosis 57 0 

5 Pulmonar}' embolism ♦ 50 0 

6 Peritonitis (subdiaphragmatic or diffuse) 37 5 

7 Endocarditis 28 0 

8 Subcostosternal pus pockets 00 

9 Multiple pulmonari abscesses 00 

^Tmo instances only 


If the infection traveled by way of lymphatic vessels from the 
lymph spaces m the alveoli of the lung and perivascular and peri- 
bronchial lymphatics it would reach the middle mediastinal lymph 
glands just below the bifurcation of the trachea, from Mhich it would 
communicate to visceral nodes m the anterior and posterior mediastinal 
spaces and would produce a mediastinal abscess AVe believe that the 
course of the infection is parietal rather than \isceral, that it follows 
the lymph channels to the pleura from which afferent lymph vessels, 
draining the anterior chest wall including the anterior parietal pleura, 
lead to sternal lymph nodes of which there are usually six on each 
side along the course of the internal mammary’' arteries The pus 
pockets occur in close proximit}’’ to these nodes due undoubtedly to 
breaking dovn of these glandular structures They haie constituted a 
unique and ver\' serious complication 
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So-called toxic arthritis occurred in ten instances of empyema But 
one patient developed a suppurative arthritis in association with 
empyema in this series 

Blood cultures were taken from 100 patients with pneumonia, or 
suspected pneumonia, on admission In one instance a hemolytic 
streptococcus was obtained from a patient with bronchopneumonia 
whose sputum also contained the same organism In five instances a 



Fig 4 — Curves representing the incidence of the different types of bacteria 
in the sputa in pneumonia 


pneumococcus was obtained, in two of which the patients did not 
develop pneumonia The cultures were sterile in 94 per cent Blood 
cultures have not therefore been of much assistance in this study of 
pneumonia We have been impressed with the infrequency of ulcera- 
tive endocarditis, of phlebitis, of splenic or kidney infarcts or of 
meningitis as contrasted with the frequency of empyema, pericarditis 
and peritonitis in this study This indicated spread by way of the 
lymphatics rather than by the blood stream 
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TYPES OF INFECTION IN PNEUMONIA 

During the interval, December, 1917, to May, 1918, sputum deter- 
minations as to type of infection were made m the hospital laboratory- 
in 428 completed cases of pneumonia 


TABLE 8 — Bactlriology or Sputa in Completed Pneumonia Cases 



Dec 

Jan 

Feb 

Mar 

Apr 

May 

Total 

Per 

Cent 

Pneumococcus Type I 

4 

2 

2 

10 

S 

9 

32 

77 

Pneumococcus Type II 

7 

4 

1 

16 

43 

19 

90 

210 

Pneumococcus Type III 

2 

2 

1 

5 

4 

3 

17 

39 

Hemolytic streptococcus 

17 

14 

13 

16 

33 

28 

121 

282 

Mixed Group (Pneumo IV 
and Nonhemolytic strepto- 
coccus) 

27 

5 

18 

23 

58 

37 

168 

392 

Total 







428 



In 155 empyema fluids the hemolytic streptococcus was found in 
106, or 68 4 per cent, the nonhemolytic stieptococcus in 9, or 5 8 per 
cent Table 9 shows the relation of streptococcus infection in the 
empyemas of lobar and measles-pneumonia 

TABLE 9 — Bactertolog\ or 155 Completed Empyemas 

Lobar Measles 



Pneumonia 

Pneumonia 

Total 

Per Cent 

Pneumococcus 

32 

8 

40 

258 

Streptococcus, hemolytic 

75 

31 

106 

684 

Streptococcus, nonhemolytic 

2 

7 

9 

58 

Total 

109 

46 

155 



Table 10 brings out the mortality of the types of infection m 155 
instances of completed empyema It will be seen that the mortality in 
empyema, due to the streptococcus, was 61 7 per cent , while m empy- 
ema, due to the pneumococcus, the mortality was 45 per cent 


TABLE 10 — Mortality of Empyema as to Type or Infection 



/ 

-Streptococcus ^ 

f 

Pneumococcus 1 


Total Deaths Per Cent 

Total 

Deaths 

Per Cent 

Lobar pneumonia 

77 

45 

58 4 

32 

11 

34 3 

Measles pneumonia 

38 

26 

68 4 

8 

7 

87 5 

Total 

115 

71 

617 

40 

18 

1 

ca 
o 1 

2 The method followed 

was 

that of 

the Rockefeller Institute mouse injec- 


tion until Jan 10, 1918, since when Avery’s synthetic medium has been used 
Until about March 15, 1918, a gram stain, a subculture m plain broth and on 
blood agar plate was made from the Avery medium culture Since that date 
the subculture m broth has been discontinued The precipitin method was used 
for a long period, but the agglutination method was found to be preferable and 
compulsory, of course, when .bile was not available In the differentiation of 
pneumococcus Type IV from the streptococcus, the bile test and the cultural 
characteristics on the blood agar plate were used 
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DISCUSSION 

The hemolytic streptococcus and the mixed group, pneumococcus 
Type IV and nonhemolytic streptococcus, were the organisms found 
in the sputum in 67 4 per cent of 428 instances of completed pneu- 
monia cases in this hospital The streptococcus was the organism 
found in 74 2 per cent of 155 instances of empyema In January it 



Fig 5 — Curves showing the incidence of types of bacteria in pleural fluids 
in pneumonia 

was noticed, m a study of the sputum curve in the laboratory, for all 
sputa sent in, that Type II pneumococcus, including the atypical 
Type II, began to parallel the curve of the Type IV pneumococcus 
In March the apexes of the curves for these types and the hemolytic 
streptococcus reached their height It was during March that an 
influx of severe lobar pneumonia with frequent empyemas occuired 
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The rapid occurrence, in these cases, of empyema, due to hemolytic 
stieptococci, with rapid reaccumulation of fluid despite daily aspira- 
tions of quantities varying from 500 to 1,800 c c , with death within a 
week and at necropsy a collapsed lung on the affected side, led us to 
believe that a combination or double infection had occurred This con- 
dition was lesponsible for the greatly increased death rate in March 
and occurred in epidemic form (Figs 4 and 5) 

Since Type II pneumococcus is not strictly a “fixed” type and the 
Type IV pneumococcus is not “fixed” at all, it appears that an associa- 
tionship exists between these gioups and the hemolytic stieptococcus, 
and that a closer study of the relationship of the hemolytic stiepto- 
coccus to Types II and IV pneumococcus is highly desirable Very 
few of the infections have been due to the nonhemolytic streptococcus 



Fig 6 — Diagnosis, walled off fluid, right side After four aspirations of 
decreasing quantities of pus the patient recovered without operation 

It has been noteworthy that so many hemolytic streptococcic empyemas 
have occurred in pneumonia patients, in which pneumococcus Type 
IV was reported in the sputum — 22 of 72 instances, or 30 per cent 
Bile solubility tests were not made in all of these instances, but the 
inference may be made that the pneumococcus, Type IV, predisposed 
to infection with the hemolytic streptococcus as a secondary invader 
On the other hand, in 45 of 72 instances (62 5 per cent ) of strepto- 
coccic empyema, the sputum examination revealed streptococci In 
othei wolds, 92 5 per cent of 72 streptococcic empyemas had either 
streptococcus or pneumococcus. Type IV, in the sputum In 40 
pneumococcus empyemas the sputum showed hemolytic streptococci in 
5, nonhemolytic streptococci m 1, and pneumococcus, Type IV, in 15 
In other words, 52 5 per cent of 40 pneumococcus empyemas had 
either streptococcus or pneumococcus. Type IV, m the sputum 
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Throat cultures weie taken of lobar pneumonia patients several 
days after admission in fifty-nine instances Thirty of these, or 50 pei 
cent , showed hemolytic streptococci An order was issued at this 
time requiring that all milk be boiled before use and prohibiting the 
use of uncooked cheese Since that time throat cultures were, made 
in eighty-one instances of lobar pneumonia on admission to the wards 
It was found that 17 per cent of these patients had hemolytic strep- 
tococci on admission This number did not show an increase for 
cultures taken five and six days later Data on throat cultures of 
measles patients, on admission and subsequently, are too incomplete 
for publication at this time 



Fig 7 — Diagnosis, pericardial effusion Recovered after aspiration 

PATIIOLOGV 

The basis of study in this series is founded on 153 necropsies, of 
which 107 (70 per cent ) weic instances of lobar pneumonia and 46 
(30 per cent ) were measles pneumonia Included among the instances 
of measles pneumonia were 19 cases of lobar (41 pei cent ) and 25 
cases of bronchopneumonia (54 per cent ) 

Particular interest is attached to the consideration of pneumonia 
following measles In the early stage of lobular or bronchopneumonia 
the lungs were congested, edematous and crepitant, although on cut 
section little air could be expressed Depending on the extent of 
lobular consolidation, light areas alternated with darkei areas of 
infiltration, which darker areas corresponded on the pleuial surface 
to blue-gray areas of collapse The appearance was that of extensive 
lobular consolidation through the confluence of which more extensive 
involvement of portions of lobes occurred Between these areas of 
lobular consolidation were noncollapsed air-contaming portions, 
although these were much less prominent m number and appearance 
than the darker consolidated areas Hemolytic streptococci were 
obtained in many instances from the lungs at necropsy 
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Cole and MacCallum’ have recently called attention to the inter- 
stitial type of pneumonia observed by them at the base hospital, 
Fort Sam Houston, Texas The interstitial type in their cases was 
common after measles and was due to the streptococcus On cut 
section the lungs showed prominent gray solid peribronchial nodules, 
with a shothke feel to the fingers, due to edema, hemorrhages, organi- 
zation and induration Fibrinous plugs were found m the alveoli, 
while the alveolar walls were infiltrated with mononuclear cells Few 
streptococci vere found m the lungs, but large numbers were found 
in the pleural exudate These streptococci were believed to be of low 
virulence, evidenced by abscence of spread throughout the body 



Fig 8— Diagnosis, purulent pericarditis, adhesive mediastinitis 

MacCallum found that lobular pneumonia also followed measles, due 
to an o\erwhelming streptococcus infection In this type, patchy 
hemorrhagic areas of consolidation vere present, containing large 
numbers of streptococci The alveoli contained an exudation of 

potymorphonuclear cells and often \%as associated with necrotic areas 
in the lungs 

It is undoubtedly true that pneumonia of the interstitial type fre- 
quently follows measles We have seen many such instances, but we 
have hkevise frequently encountered this type of involvement not 
associated with measles We believe that in these streptococcic pneu- 
monias the difference between the interstitial and the lobular types is 
one of degree rather than kind The interstitial type vith partially 
plugged br onchioles and peribronchiolitis leading to small nodular 

3 Cole, Rufus and MacCallum, W G Jour Amer Med Assn , 1918, 70, 
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consolidations occupying portions of a lobule, may at a later stage, 
due to confluence of such areas, nnolve neighboring bronchioles and 
present the picture of an extensive lobular pneiinionia Different 
stages of the process have been frequently seen to occur m the same 
lung Microscopically,* m the interstitial type, the bronchioles were 
filled with leukocytes to the point of occlusion The tissue surround- 
ing the cut bronchiole was infiltrated with mononuclear cells The 
walls of neighboring alveoli contained fewer mononuclear cells, poly- 
morphonuclear cells and connectu e tissue cells Avith spindle-shaped 
nuclei In the aheoli w'ere many red blood cells and polymorpho- 
nuclear cells In the more exlensnely consolidated portions of the 



Fig 9 — Diagnosis, free fluid, right side, upright position 

same lung, due to confluence of lobules, large mononuclear (w'andering 
tissue) cells \vere found wuth many leukocytes and red blood cells 
In this series, the incidence of extension to serous membranes m 
lobar and bronchopneumonia show's but little difference (Table 11) 


TABLE 11 — Nfcropsi Incidence 


Lobar Pneumonia,’^ 
Per Cent 


Empyema 

23 4 

Peritonitis 

30 

Purulent pericarditis 

25 

Subcostosternal pus pockets 

34 


Including lobar pneumonia following measles 


Bronchopneumonia, 

Per Cent 
24 0 
28 
1 7 
33 


The hemolytic streptococcus was the organism most commonly 
found in these extensive complications, W'hether in lobar pneumonia 
or measles pneumonia 


4 We are indebted to Prof A S Warthin of the Department of Pathology, 
university of Michigan, for the preparation of microscopic specimens and 
photomicrographs 
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Pulmonary embolus involving the left branch of the pulmonary 
artery, because it is the straight branch, occurred in two instances In 
bothj thiombosis had occurred in the hemorrhoidal and prostatic 
plexus, involving the right hypogastric vein and extending into the 
inferior vena cava, from which a detached portion of the thrombus 
had been carried to the right side of the heart The right hypogastric 
vein passes under the right external iliac artery at the brim of the 
pelvis, which makes a thrombosis more apt to occur m this locality 
On the left side, the vein parallels the artery 

Except for a series of twenty-six multiple pulmonary abscesses, 
which were more frequently met with during a rapidly progressive 
type of streptococcic infection in lobai pneumonia in March, pul- 
monary abscess was not a frequent complication These occurred in 



Fig 10 — Diagnosis, thickening of interlobar pleura, right side Small quan- 
tities of pus aspirated twice Patient recovered without operation 

lobar pneumonia when a streptococcic infection had apparently been 
superimposed on the lobar pneumonia In view of the great number 
of thoracenteses made in diagnosing empyema, and in the daily aspira- 
tions, the relative infrequency of pulmonary abscess leads us to dis- 
count the common belief that there is any appieciable amount of 
danger in performing pleural punctures, due to the possibility of 
lung puncture and subsequent abscess formation 

Miliary tuberculosis was found at necropsy in seven instances 
presenting the symptoms of bronchopneumonia The diagnosis was 
made in three of these patients prior to death One instance of syph- 
ilitic Interstitial pneumonia of lapid progress simulating broncho- 
pneumonia was not diagnosed prior to necropsy 
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GENERAL PLAN OF TREATMENT 

It was possible to have separate dressing and operating rooms in 
the separate buildings given over to the care of lobar pneumonia and 
measles pneumonia These were of gieat service in securing protec- 
tion from the contagion of measles m the lobar pneumonia patients 
One wai d m each pneumonia section was set aside as a receiving ward 
In this ward the first examination was made and the diagnosis estab- 
lished The specimen of sputum for determination of the type of 
pneumococcus in lobar pneumonia was collected, whenever possible, 
in this ward In the measles pneumonia receiving ward a throat swab 
was made for stieptococcus culture Measles streptococcus carriers 
are now segregated fiom nonstreptococcic measles patients Fresh 
air wards were utilized in the open air treatment of all serious cases 

t 

1 



Fig 11 — Diagnosis, lobar pneumonia, right upper lobe 

In the other pneumonia wards, each patient was given approximately 
1,000 cubic feet of air space 

During the first forty-eight hours after admission it was the plan 
of the medical service in the base hospital, since Jan 15, 1918, to 
digitalize all pneumonia patients The tincture of digitalis was used 
Each batch of digitalis tincture was standardized according to the cat 
method of Hatcher,® as amplified clinically by Eggleston The esti- 
mated amount necessary to secure effect, according to body weight, 
was administered in doses of 2 c c to 4 c c every four hours until the 
total dosage had been given Its use in this manner to prevent cardiac 

5 A throat swab for culture of streptococcus is made on all measies patients 
on admission 

6 Hatcher, Robert A , and Brody, J G Am Jour Pharm , 1910, 82 , 360 

7 Eggleston, Cary Archives Int Med, 1915 16 , 1 We are indebted to 
Dr Cary Eggleston of Cornell Medical College, N Y , for numerous standard- 
izations of digitalis tincture 
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failure has been beneficial The average tincture which we have used 
was standardized to a dosage of 0 17 c c per pound of body weight of 
patient If the patient had not within a week had any form of 
digitalis, the following average total dosage was used 

For 120 pounds body weight — 20 cc in divided doses 

For 130 pounds body weight — 22 cc in divided doses 

For 140 pounds body weight — 24 c c in divided doses 

For ISO pounds body weight — 26 c c in divided doses 

For 160 pounds body weight — 28 c c in divided doses 

For 170 pounds body weight — 30 cc in divided doses 

Patients rarely vomited from the effects of digitalis administered 
in this manner If the dosage should be carried further, to affect the 
vomiting center m the medulla, vomiting may occur In the hundreds 



Fig 12 — Diagnosis, lobar pneumonia of right upper and middle lobes 


of patients treated with digitalis at this hospital, vomiting occurred 
from the effects of the drug in not more than four or five instances 
We have seen but one instance of partial heart block, of temporary 
duration, which could be attributed to it In only one instance have 
we seen a considerable rise of blood pressure (to 190) following its 
administration The general circulatory effects were beneficial in 
sustaining the heart in pneumonia for the stress placed on it during 
an acute illness of such severity ® For intravenous emergency digitalis 
therapy, after the patient had received his total dosage of the tincture 
as outlined, we depended, when obtainable, on digipuratum Digi- 
talone, two Ko~§Tmn tablets dissolved in 15 to 30 minims of sterile 
water, was also used intravenously for similar purpose For emer- 
gency use orally, we also used Nativelle’s crystalline digitahne Tn the 


8 The tincture of 
alcohol instead of the 


digitalis was made from Allen’s leaves with 75 per cent 
50 per cent alcohol prescribed by the U S P 
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following tabulation is shown the proportion of deaths not associated 
with sepsis, and which may be attributed to circulatory failure for the 
predigitalis period and the digitalis period 

Precligitahs Period, October 18 to January IS 

Per Cent 


Deaths not associated with sepsis 25 8 

In lobar pneumonia 17 1 

In measles pneumonia 46 3 

Digitalis Period, January 15 to May 18 

Deaths not associated with sepsis 11 8 

In lobar pneumonia 11 2 

In measles pneumonia 14 8 



Fig 13 — Diagnosis, left pyopneumothorax with adhesions to the parietal 
pleura The patient died several days later with double empyema, multiple 
abscesses in left lung and endocarditis 

Pituitary extract was used on two indications — falling blood 
pressure and tympanitic abdominal distention It was administered 
intravenously and intiamuscularly If the distention is due to paral- 
ytic ileus, pituitary extract may be of benefit because of its effect on 
involuntary muscle tissue m stimulating peristalsis If, however, as 
mentioned, the distention is the result of spastic ileus, pituitary extract 
would be conti a-indicated, and hot abdominal packs, a starch and 
opium enema, an opium and belladonna suppository, or a physiologic 
dose of atropin (%5 to %o gram) should be used instead Careless 
use of the rectal tube or frequent irritating enemas may produce 
thrombosis in the inferior and middle hemorrhoidal veins with exten- 
sion to the hypogastric vein (right) leading to the possible occurrence 
of pulmonary embolism Caffein and sodium benzoate or coffee was 
used |s a general stimulant , morphin was used for restlessness 
Veronal or tnonal was contraindicated Atropin in doses of ^loo 
"Train three times a day was of value in the treatment of pulmonary 
'■“a or bronchorrhea incident to bronchopneumonia 
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SERUM THERAPY 

Cole Type I serum was administered m doses of 100 c c intra- 
venously after desensitizatioii m Type I lobai pneumonias ° Its effect 
was, in a large peicentage of cases, immediately beneficial Within 
twelve to twenty-four houis the temperature would in some instances 
drop by ciisis to normal The dose was repeated daily foi thiee oi 
four days when indicated Theie were thirty-two Type I pneumonias 
Death occurred in five One of these patients had pneumococcic otitis 
media and diffuse pneumococcic meningitis at necropsy, fiom one 
other patient meningococci and pneumococci weie obtained by spinal 
punctuie repeatedly befoie death from meningitis, while two more 
deaths were due to bilatei al empyema The mortality, including these 
four complications, was 15 6 per cent Cole Type I serum was admin- 



Fig 14 — Diagnosis, left pyopneumothorax with adhesions to parietal pleura 

isteied in twenty-seven of the thirty-two cases Among those who 
leceived the serum there were four deaths (two had meningitis and 
one had bilateial empyema mentioned above) The mortality m the 
serum treated patients was therefore 14 8 per cent 

The autolyzed pneumococcic antigen of Rosenow was used in 
seventy patients with lobar pneumonia not due to Type I pneumo- 
coccus Table 12 shows the day of the disease when the antigen was 
first administei ed, the number of empyemas and the mortality 

Among 219 completed instances of lobar pneumonia in which the 
patients were discharged duiing the same period and not treated with 
the antigen, the mortality was 146 per cent In many instances fol- 

9 Desensitiration was earned out as follows 0 5 cc subcutaneously followed 
in one hour by 1 0 c c subcutaneously One hour later the scrum was adminn 
tcred intravenously 
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lowing the administration of the antigen the temperature fell abruptly 
by crisis after one or two doses It is our belief, although no great 
differences in the mortality were affected by its use during the same 


TABLE 12 — Computed Casis Lobar Pneumonia Treated with 
Autolyeid Pneumococcic Antigen’" 



Number of 




Begun on 

Patients 

Recoveries 

Deaths 

Empyemas * 

1st day 

22 

14 

4 

4 

2nd day 

26 

20 

3 

3 

3d day 

8 

6 


2 

4th day 

6 

6 



5th day 

2 

2 



6th day 

2 

1 


1 

7th daj 

1 


1 


8th day 

2 


1 

1 

10th day 

1 

1 



Total 

70 

50 

9 * 

Til 


Mortality 12 8 per cent Incidence of empjeina 15 7 per cent 
t Empyema patients still m hospital, Ma3' 18 1918 



Fig IS — Diagnosis, right pneumothorax, left upper, resolving pneumonia 
Following a severe attack of coughing the patient suddenly became extremely 
dyspneic and cyanotic and showed signs of a spontaneous, complete right pneu- 
mothorax, which was later confirmed by roentgenogram There was gradual 
but complete recovery 

period when the antigen was not used in corresponding cases, that the 
duration of the disease was shortened The results were gratifying in 
many instances We shall continue its use The dosage, 1 to 2 c c 
daily subcutaneously for four or five doses, produces practically no 
reaction We believe, however, that the Cole Type I serum should 
be used in Type I cases 

10 Dr Rosenow has kindly prepared for us an antigen containing a large 
fraction of our local strains of pneumococci which will be used in the treatment 
of pneumonia patients 




OCTOBER, 1918 


PNEUMONIA 


431 


Through the kindness of Dr Preston Kyes of the University of 
Chicago we were enabled to use his antipneumococcic chicken serum 
in thirty cases of lobar pneumonia due to the pneumococcus One 
death occurred, a mortality of 3 3 per cent , with an empyema incidence 
of 13 3 per cent During the corresponding period the mortality of 
lobar pneumonia in patients not treated with this seium was 14 2 per 
cent The serum seemed to possess value in reducing the toxemia m 
pneumonia, but m a few instances, after desensitization, the mtia- 
venoiis administration pioduced severe leactions, with high tempeia- 
ture These reactions have been entirely absent in recent batches of 
serum Its value as a curative agent, judging from this small series of 
cases, is undetermined 



Fig 16 — Brewer tube and Ewald bulb as used for suction drainage in 
empyema 


MEASLES pneumonia 

Measles patients received, since Feb 15, 1918, a vaccine prepared 
from five local strains of streptococci and two strains of Pneumo- 
coccus IV, on the first, fourth and eighth days after admission The 
incidence of measles pneumonia from October to February 15, prior to 
the use of the prophylactic vaccine, was 6 per cent The incidence of 
measles pneumonia from February 15 to May 18 m 148 cases in which 
the prophylactic vaccine was used was 2 per cent But one patient 
died of pneumonia in this lattei series 

We have used antistreptococcus serum intravenously, after desensi- 
tization, in measles pneumonia due to the streptococcus with beneficial 
results in many instances Agglutination tests of the local strains of 
streptococci encountered were made with stock serums, and it was 
found that agglutination occurred m dilutions of from 1 to 40 to 1 to 
80 with a majority of the strains The dosage was 50 cc intrave- 
nously, repeated daily for three or four doses 
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THE TREATMENT OF EMPYEMA^^ 

The total number of empyema complications following pneumonia 
m tins series was 200 Of this number 119 men weie operated on, all 
but a few of the earlier cases by Majoi Phillips, eighty-one men were 
not opeiated on This latter group wms made up of those patients who 
w^ere not considered reasonable operative risks, or in wdiom the con- 
dition was not diagnosed pnoi to necropsy 

TABLE 13 — l\Pi or On uation foh Emp\fma 



Number 

Mortality, 
Per Cent 

Rib resection 

76 

48 6 

Thoracotomj’ 

43 

53 5 

Right side 

70 

471 

Left side 

49 

551 


Fifty-nine per cent of the empyemas occurred on the light side, 
41 per cent on the left side Local anesthesia has been the method of 
choice, having been used in 85 per cent of the operations 

TABLE 14 — Anfsthlsia in Empyema Operations 

Mortality, 

Number Per Cent 

Local 102 50 

General 17 53 

If the plan is follow^ed of early aspirations and late operations, 
mentioned later, the operation may be performed under ether anes- 
thesia with comparatively little risk We believe, how^ever, that local 
anesthesia and nitrous oxid oxygen anesthesia are the methods of 
choice 

DISCUSSION 

For the period October 18 to Januaiy 29, eaily operation w^as pei- 
formed on all empyemas During this period 83 patients w^ere opei ated 
on, of whom 52 died, a mortality of 63 8 per cent It has been possible, 
m Army hospitals, wdiere the patients aie under complete control from 
the beginning of their illnesses, to diagnose empyema earlier than has 
been possible in civil life For the peiiod mentioned in which early 
operation was perfoimed the presence of pus containing organisms 
was considered to be a sufficient indication 

Beginning on January 12 the medical treatment of this condition 
was changed in sevei al particulars as follows As soon as the diagnosis 
of empyema was made during the course of pneumonia, aspiration, 

11 May 18 there were under treatment 182 patients with pneumonia, among 
whom there were forty-six instances of empyema in which operation was 
performed 


I 




Fig 17 — Bilateral streptococcus lobular pneumonia following measles Early 
stage peribronchial infiltiation , leukocytes in cut bronchioles, mononuclear cell 
infiltration in walls of alveoli 



Fig 18 — Bilateral streptococcus lobular pneumonia following measles 
Occlusion of alveoli with plugs of fibrin and celluar debris 
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using the Potain apparatus, was done, as a rule, every alternate day 
This was continued until the pus became too thick for aspiration — 
for twelve to fifteen days When the pneumonic process had subsided 
the advisability of operation was considered If the pus became too 
thick for aspiration and it was not considered that the patient’s con- 
dition warranted operation, intrapleural lavage was practiced at the 
time of aspiration, in closed circuit, by connecting a bottle containing 
warm saline solution to the aspirating tubing In this manner thick 



Fig 19 — Bilateral streptococcus loljular pneumonia following measles, the 
cut bronchiole filled with leukocytes , the tissue surrounding shows mononuclear 
cell infiltration The lungs showed air containing tissue in many areas 


pus could be diluted sufficiently to permit aspiration Care was taken 
at the time of all aspirations, whether with the syringe or with the 
Potain apparatus, to prevent collapse of the lung by admission of air 
The operation was not performed until twelve to twenty days had 
elapsed The clinical judgment of two or three physicians, who fol- 
lowed the course of the infection from day to day, was utilized m 
deciding the best time for operation 
^In all, eleven patients recovered by repeated aspirations without 
operation The number of aspirations in these patients varied from 
one to ten In one of these an aggregate of 835 c c of pus were 
removed by five aspirations , m another 7,660 c c of pus were removed 
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by eight aspirations, while in another 635 c c of pus were removed by 
ten aspirations In five of the eleven the empyema was due to hem- 
olytic streptococci, in one, to pneumococcus Type II, in one, to pneu- 
mococcus Type III, and m two, to pneumococcus Type IV In one, 
the type of pneumococcus was not detei mined Of these eleven 
empyemas, nine followed lobar pneumonia and two followed measles 
pneumonia 



Fig 20 — Bilateral streptococcus lobular pneumonia following measles with 
localized abscess formation 


At the time of operation the Brewer tube was preferred, to which 
was attached a partially collapsed Ewald bulb (Fig 16) Negative 
pressure and suction were readily obtained in this manner The tube 
was clamped and the bulb emptied whenever the patient complained 
of pain in the chest In all of the earlier operations the ordinary 
rubber drainage tube was used and was latterly used when it seemed 
more suitable m order to reach a pocketed area of pus, such as an 
interlobar empyema Since January 12 neutral solution of chlorinated 
soda (Dakin’s solution) has been used for the daily irrigation of 
empyema wounds There was a marked decrease in the odor and the 
amount of discharge was lessened in many instances Operations were 
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begun, after preliminary aspirations as outlined, on January 29 The 
comparative lesults foi the two periods are shown in Table 15 

TABLE IS — Operative Mortality in 119 Completed Cases of Empyema 

Mortality, 
Number Deaths Per Cent 

Early operations not preceded by repeated aspirations 83 52 63 8 

(October 18 to January 29) 

Late operations preceded by repeated aspirations 36 8 22 2 

(January 29 to May 18) 

There were, on May 18, 46 operated empyema patients in the hos- 
pital, of whom 44 were classified under late operations Of these 44 
patients, the prognosis was considered favorable in 38 and unfavor- 
able in 7 If these patients aie added to the foregoing list of late 
operations, for purpose of comparison and to sustain our argument 
for the late opeiation the mortality will, according to present judg- 
ment, be expressed as shown in Table 16 

TABLE 16 — Mortality After Late Empyema Operations 

Mortality, 
Number Deaths Per Cent 

Late operation preceded by repeated aspirations 80 15 18 7 

(January 29 to May 18) 

These tables have been particularly inteiesting to us m view of the 
fact that the mortality of pneumonia with operated empyema, by this 
plan of treatment, has been reduced to a point not much higher than 
pneumonia without empyema 

TABLE 17 — Comparative Mortality in Empyema 





Mortality 


Number Deaths 

Per Cent 

Pneumonia with empyema, nonoperated 

81 

70 

86 4 

Pneumonia with empyema, early operation 

83 

52 

63 8 

Pneumonia with empyema, late operation 

36 

8 

22 2 

Pneumonia without empyema 

671 

109 

162 

Total 

871 

239 

274 

Sept 25, 1918, the completed figures were as 

follows 


Mortality, 


Number 

Deaths 

Per Cent 

Late operation preceded by repeated aspiration 80 

13 

16 2 

On September 25 the completed figures 
follows 

for the early 

operation were as 

Number 

Deaths 

Mortality, 
Per Cent 


Early operations not preceded by repeated aspirations 85 

52 

612 


12 The mortality has been decreased since this table was completed in May 
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For about two months the injection of stock antiserum (pneumo- 
coccic and streptococcic) in quantities of /5 to 100 cc, ^^as made 
intrapleurally after repeated aspirations We could find no evidence 
that this was of decided benefit 

CONCLUSIONS 

1 The mortality m pneumonia in this series of cases, observed 
over a period of seven months, varies from month to month with the 
type of infection 



Fig 21 — Bilateral streptococcus lobular pneumonia following measles The 
patchy areas of consolidation are seen, many alveoli contain red blood cells 
and polymorphonuclear cells 


2 The mortality in measles pneumonia is approximately twice as 
high as lobar pneumonia Interstitial pneumonia is belie\ed patho- 
logically to be an early stage of lobular bronchopneumonia In both, 
streptococci were the predominating organisms In the interstitial 
type death may occur before the process has extended sufficiently to 
produce extensive consolidation, through the confluence of lobules, and 
the condition be recognized pathologically as bronchopneumonia 

3 The use of a standardized tincture of digitalis, m sufficient 
dosage to produce physiologic effect, is behe\ed to be responsible for 











Fjg 22 — Bilateral streptococcus bronchopneumonia following measles 
Bronchus filled with purulent exudate, beginning suppuration of wall 



Fig 23 — Bilateral streptococcus bronchopneumonia following measles 
Bronchus with complete destruction of epithelium filled with pus in the middle 
of an atelectatic area 
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a decrease of deaths m this senes not associated with empyema or 
other septic complications, that is, the deaths which are associated 
with cardiac failure 

4 Empyema occurred m 23 per cent of 871 instances of pneu- 
monia and w'as responsible for 54 3 per cent of the deaths 

5 Early diagnosis of empyema is essential Repeated aspirations, 
as described in the foregoing, for from twelve to fifteen days, followed 
by late operation, has reduced the mortality from 61 2 per cent to 
162 per cent’^ 

6 The mortality of streptococcus empyema in relation to the mor- 
tality of pneumococcus empyema is approximately that of a ratio of 
3 to 2 

7 Empyema patients should be retained in the medical service 
after operation The surgeon assigned to the medical service for this 
work should spend his time in the pneumonia w^ards for this special 
duty Complications such as extension of pneumonia to the opposite 
side, or reinfection of the affected lung, are recognized more promptly 
by the physicians of the medical service who have observ ed the patient 
from the outset 

S The necropsies of this series have shown in many instances 
purulent accumulations beneath the sternum, which may be designated 
subcostosternal pus pockets Infection apparently reaches this inac- 
cessible location by w'ay of the parietal lymphatics leading to sub- 
sternal lymph nodes The diagnosis of this condition can, as a rule, 
only be made at necropsy Drainage of these pockets offers great 
difficulty Extension to the pericardium frequently occurs in con- 
nection wuth these pus pockets 

9 The relationship of pneumococcus. Types II and IV, to hemo- 
lytic streptococci of high virulence deserves further study 

10 Cole lype I serum should be used in Type I lobar pneumonia 
Rosenow s autolyzed pneumococcic antigen and Kyes’ antiserum have 
been of apparent benefit in the treatment of lobar pneumonia 

11 A prophylactic vaccine administered to measles patients has 
appeared to possess some value, w^hen administered on the first, fourth 
and eighth days after admission, in the prevention of pneumonia 
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PNEUMONIA AND EMPYEMA AT CAMP SEVIER 

WARREN T VAUGHAN, MD (Ann Arbor, Mich) 

Captain, M C, U S Army 

AND 

TRUMAN G SCHNABEL, M D (Philadelphia) 

Captain, M C, U S Army 

BASE HOSPITAL, CAMP SEVIER, S C 

Recent rather numerous reports from the various army camps 
throughout the country concerning the incidence and causative agent 
of pneumonia, during the last winter, have mentioned frequent infec- 
tion with Sti eptococcus hemolyticiis and less frequent occurrence of 
pneumococcus infection Reports from the different camps would 
indicate that the predominating organism is not the same m all locali- 
ties In Camps Funston, Dodge, Custer and Lee hemolytic strepto- 
coccus has been reported as the prevailing organism At Camps 
Wheeler, Beauregard, Plancock, Jackson, Logan, Sheridan and Travis 
more pneumococcus infections are reported 

In the findings so far published attention has been directed chiefly 
to the study of bronchopneumonia and, more especially, empyema 
There has been very little comparative study of lobar and broncho- 
pneumonia The studies of the commission headed by Cole and 
McCallum^ at Fort Sam Houston, have been made with this point in 
view and their results would indicate that the true lobar pneumonia 
is now, as formerly, a pneumococcus infection, whereas the broncho- 
pneumonia, or postmeasles pneumonia, is predominantly streptococcic 
In certain other camps these postmeasles pneumonias and empyemas 
are reported as being frequently pneumococcic 

The present report has been undertaken in an attempt to present a 
comparative study of lobar pneumonia and bronchopneumonia as 
they have occurred at Camp Sevier and to draw conclusions regarding 
the type of infection and the complications that have arisen Five 
hundred and sixty-seven cases of pneumonia were admitted to the 
base hospital prior to March 31, 1918 This group divides itself into 
234 lobar pneumonia and 333 bronchopneumonia patients Those 
cases which have occurred subsequent to March 31, during the prep- 
aration of this report, are not incorporated m the accompanying 
statistical review, but several showing unusual features have been 
included in the discussion 

1 Cole, Rufus, and McCallum, W G Pneumonia at a Base Hospital, Jour 
Am Med Assn, 1918, 70, 1146 
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INCIDENCE 

Of 9,650 admissions to the Base Hospital, 2 4 per cent were for 
lobar pneumonia, and 3 4 per cent for bronchopneumoma In Chart 1 
IS shown the total number of lobar cases in the hospital on each day 
from Nov 23, 1917, until May 1, 1918 During the latter part of 
December and during the months of January and February there was 
a high incidence of the disease, there being on February 3 as many as 
seventy-six cases As shown by the weather notes in Chart 2 the 
steady increase during the month of January nas during a period of 
very inclement weather and, following the onset of pleasant weather 
about Februar}’^ 6, there occurred on February 15 a decided fall in the 
curi’e nhich persisted throughout the remaining period In April 
there were two other rises m the curve The first followed by a few 
days a parade in which the soldiers had all become rain-soaked At 
this time also a mild epidemic of influenza occurred which persisted 
for two or three weeks The second rise in the April curve accom- 
panied an increase in the influenza These postinfluenzal pneumonias 
were chiefly lobar in type, although a few were bronchopneumonias, 
and they were all unusually sick The incidence of empyema in this 
later senes was also much higher than m the series up to March 31, 
being as high as 50 per cent 

In regard to the incidence of bronchopneumonia, this camp was 
comparatn ely free from disease during the month of September and 
the first wrecks of October, 1917 With the influx of 8,000 draft men, 
there ivas then inaugurated a division wide epidemic of measles 
Many of the new men coming from other camps had the measles rash 
on arnval, and others had only recently been in communities w’here 
the disease w^as endemic As a result, 3,520 cases, or 12 8 per cent , 
of the entire strength developed in the division One thousand and 
tiventy-nine patients were in the base hospital at some time of their 
illness Of the 333 cases of bronchopneumonia w^hich soon developed, 
292 w'ere very definitely postmeasles 

In Chart 3 the morbidity cun’^es of bronchopneumonia and measles 
show" not only the correspondence between the tivo diseases, the bron- 
chopneumonia lagging somew"hat behind the measles, but the chart also 
shows, especially in the month of January", the absence of relationship 
betw’een the bronchopneumonia incidence and that of lobar pneumonia 
as seen in Chart 1 As a discussion of the clinical records will show", 
lobar pneumonia w"as a complication of measles only in a small number 
of cases and w as on the w hole a primary affection Chart 3 also indi- 
cates that with the onset of pleasant w'eather in February and at a 
time w"hen more effectual quarantine and isolation were in efliect in 
the camp and in the hospital, respective!)", bronchopneumonia followed 




Chatt 1 — Showing the number of lobar pneumonia cases in the hospital from Nov 23, 1917, until May 1, 1918 The 
highest incidence of the disease occuiied on February 3, when seventy-six patients were in the hospital 
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Chart 2 — Weather chart giving the temperature curves and data regarding the weather during the time the pneumonia 
cases described in this article occurred As recorded by the chart there was a high incidence of the infection during the 
stormy periods 
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measles m a decidedly smaller number of cases than had been the case 
m November and December Weather conditions probably played 
some role here, but the prevention of transmission of infection from 
one measles patient to another was undoubtedly of ver}'^ great impor- 
tance in securing the low morbidity during February 

jlgg — ^The age variation of the patients under treatment was neces- 
sarily restricted to the age of soldiers m the army with the exception 
of a few older men such as officers, cooks and bakers The youngest 
patient was 17 years old and the oldest 51 In both lobar pneumonia 
and bronchopneumonia the largest age frequency was 22 years The 
greater number of patients were between 18 and 25 years of age 

OccupaHon — The majority of the patients gave their occupation as 
farming Of 157 farmers with lobar pneumonia twenty-mne, or 
18 6 per cent , died The average total mortality for the disease was 
14 9 per cent Of 265 farmers among the bronchopneumonia patients, 
ninety-four, or 35 4 per cent , died The average mortality for this 
type of pneumonia was 36 per cent Thus it is apparent that among 
farmers a fatal outcome was slightly more frequent in lobar pneumonia 
and equally as frequent in bronchopneumonia as the total respective 
mortalities Farmers formed the majority of the latter class Forty- 
four different occupations are represented 

ETIOLOGY 

Lohai PneiimonM — At the present time we understand two general 
causes of lobar pneumonia, the first, direct contagion, and the second, 
infection in individuals whose resistance has been temporarily lowered 
from exposure to wet or cold or from other causes Infection with 
Types I, II or III pneumococci has been shown to result in a high 
percentage of cases from direct transmission In the case of infection 
with Type IV pneumococcus which is found in the bacterial flora of 
the mouths of 50 to 80 per cent of normal individuals, the possibility 
of contact infection is more problematic and more remote The type 
of pneumococcus in the sputum has been determined by the Avery^ 
method m 139 cases of lobar pneumonia Ten per cent of these have 
shown Type I organisms , 7 9 per cent Type II, and the remainder, 
82 1 per cent , have been of Group IV There have been no Type III 
infections These results would indicate that the disease as seen in 
this camp is chiefly a result of exposure among the soldiers to the 
rigors of outdoor life The following observations appear to bear 
out this conclusion 


2 A-^erj, O T Determination of Tjpes of Pneumococcus m Lobar Pneu- 
monia, Jour Am iled Assn , 1918, 70, 17 
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A SERIES OF FIFTY PATIENTS QUESTIONED AS TO POSSIBLE FACTORS IN 
THE CAUSATION OF THEIR PNEUMONIA 

Each of fifty lobar pneumonia patients, admitted for the most part 
during the month of February, was asked the following series of 
questions 

1 Before you were taken sick were you wearing the khaki uniform or 
olive drab woolen^ 

2 Were you wearing winter or summer underwear^ 

3 How many blankets did you have on your cot^ Comforters^ 

4 Were you warm enough at night ^ 

5 Was your food satisfactory as to quality^ As to quantity^ 

6 How many were sleeping in your tent? 

7 Was it the regulation pyramidal tent? Otherwise how large was it? 

8 Did it have a floor? 

9 Had you a sore throat, cold, cough or “grippe” before jou were taken 
ill this time? 

10 What illness have you had recently? 

11 Was anyone else in your tent sick recently? Colds? Cough? Pneumonia? 

12 Did the men in the tent spit on the floor? On the stove? In the stove? 

13 Had you recently been out in bad weather? Been on guard duty? 
Been wet? 

The information obtained may be summarized as follows 

1 Thirteen, 26 per cent , did not have the woolen blouse All had the 
wool breeches and winter overcoats. 

2 All were supplied with winter underwear 

3 and 4 None admitted that bedding was insufficient, claiming to be warm 
and comfortable at night 

5 In practically every instance food was entirely satisfactory 

6 The regulation number of men in a pyramidal tent is five In eleven 
instances there were six men in a tent, three times there were seven, four 
times there were eight, and only two men reported as many as nine soldiers 
sleeping in their tent Twenty-two of the patients reported five men in their 
tent and four had but four men Twenty out of forty-six men were, then, 
living in more or less crowded circumstances This corresponds to the find- 
ings of Surgeon-General Gorgas during the building of the Panama Canal 
where the incidence of pneumonia fell remarkably when the laborers were 
removed from barracks into individual cabins 

7 All but four slept in the regulation tent 

8 Nearly all the tents had floors 

9 and 10 Sixty per cent of the patients had had a preceding head cold, 
4 per cent had had influenza and 2 per cent were suffering from acute fol- 
licular tonsillitis Five cases, or 10 per cent, had had previous measles, but 
only in one instance did the pneumonia follow it immediately Four per cent 
had had mumps a short time previously 

11 In 32 per cent nobody else m the tent was sick In 26 per cent, both 
the patient and some of his tentmates were sick In 8 per cent the patient 
was well but one or more of his mates had a head cold In one instance a 
tentmate had come down with pneumonia five days previously In connection 
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with this It IS well to refer to the report of Major Zinsser^ from Camp 
Wheeler, m which he rewews a survey made on certain companies where the 
type of pneumococcus in the mouth was determined on every individual He 
concludes that there is quite definite evidence of infection of tentmates by 
carriers and that company infection is probably of equal importance to tent 
infection 

12 Only SIX instances of promiscuous spitting were reported 

13 Fifty per cent, gave a definite history of exposure and 20 per cent 
alone had been on guard duty a few days before 

One patient in this senes was a hospital orderly who had been in good health 
and who came down with Type I pneumoma while attending a patient ill 
with that type of infection 

Bi onchopneumoma — Regarding bronchopneumonia it is interest- 
ing to note that of 333 patients, fifty-five gave a history of cough, 
cold or other respiratory tract infection previous to the onset of 
measles prodromata Of 333 cases of uncomplicated measles, only 
fourteen gave a similar history It would thus appear that preceding 
upper respiratory tract infection may be a factor in the development 
of postmeasles pneumonia On the other hand, the mortality among 
those cases of bronchopneumonia giving such a previous history was 
slightly lower than the general bronchopneumonia mortality 

Previoi<s Diseases — It has been suggested by some that the fact 
that most of the soldiers had been farmers and had not had the usual 
infections of childhood, accounted in part for the high incidence and 
mortality from disease in camp, that they had not, through past dis- 
eases, had an opportunity to build up some degree of general immunity 
to infection The subject of previous occupations has already been 
discussed A summary of the incidence of all infectious diseases in 
the past histones of lobar pneumonia cases gives 561 infections In 
other words, there was an average of 2 3 infectious diseases in the past 
history of each man Among the bronchopneumonias the histones of 
infectious disease totalled 497, making 1 4 for each man Among the 
bronchopneumonias 47 7 per cent of the ninety patients giving entirely 
negative past histones died This is higher than the general mortality 
of 36 per cent The mortality among the ten cases of lobar pneu- 
moma with negative histones was 20 per cent as contrasted with a 
general mortality of 149 per cent These findings would indicate that 
the foregoing supposition has some basis in fact, but for proof of the 
contention the results should be compared with results in other camps 
where the population was chiefly urban 

mstory of Recent Measles Infechon—Oi the 333 cases of bron- 
chopneumonia, 292 were secondary to measles, two each followed 
mumps and otitis media, one case occurred after cerebrospinal menin- 

3 Duncan, Louis C • An Epidemic of Measles and Pneumonia in the Thirty- 
First Dmsion, Camp Wheeler, Ga , Mil Surgeon, 1918, 42, 123 
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gitis and fourteen were preceded by influenzoid attacks In the 
remaining twenty-two cases no relationship to prior disease was evi- 
dent from the histones Only thirty of the total postmeasles broncho- 
pneumonias had been discharged to duty in the interval between the 
measles and pneumonia 

In the case of lobar pneumonia 148, or over one-half of the patients, 
had had remote measles infection Of these, but five cases had been 
infected during their stay in camp Cases with recent measles, that is 
under one month interval, numbered but thirty-one Of these, six were 
admitted with the rash and the seventh developed it on the day fol- 
lowing admission The otheis had been convalescent for one week 
or longer We were impressed, first, with the fact that postmeasles 
pneumonia was, as a rule, bronchopneumonic in type, and second, that 
whereas bronchopneumonia followed measiles with no intervening 
period of good health, lobar pneumonia, when it did occur, usually 
following an interval of convalescence 

Incidence of Hookwoim — ^The stools of 159 patients were exam- 
ined for parasites Hookworm ova were found in 21 3 per cent 
During this same period routine examinations of all admissions to the 
hospital gave over 20 per cent of positive results A divisional hook- 
worm survey of 22,898 apparently healthy soldiers showed that 18 6 
per cent were found to harbor the parasite All of these figures corre- 
spond quite well On the other hand, among the bronchopneumonia 
patients 50 per cent of those who had hookworm died, while only 
17 per cent of the negative ones proved fatal Unfortunately, of the 
lobar pneumonia patients who died, only two had had hookworm 
examinations These were negative Seventy-three examinations were 
made on those who recovered, and of these fourteen were positive 
Two of the latter passed through a severe illness, two had but a mild 
pneumonia and the ten remaining had a course of average seventy 

Histoi y of Alcohol — Among the lobar pneumonia patients alcohol 
was denied m 136 instances Moderate use of intoxicants was admitted 
in eighty-one cases and an excess m seven Of the members of the first 
class, 14 7 per cent died , of the second, 17 3 per cent , and in the case 
of those who drank to excess 14 2 per cent died All of these mor- 
tality percentages correspond well with each other and with the general 
mortality of 149 per cent In only one instance were there findings 
which might be interpreted as the results of excessive use of alcohol 
Among the bronchopneumonia victims, seventy-nine patients admitted 
a moderate use of alcohol with a mortality of 41 7 per cent Of those 
admitting excess there were eight, of whom two died It may be 
stated that alcohol has been of no importance in this camp either in 
predisposing to pneumonia or in influencing the severity of the disease 
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BACTERIOLOGY 

Type determination was carried out in the laboratoiy by the Avery 
method with the artificial pneumococcus medium as described from 
this camp by Vaughan ^ Certain minor modifications have been made 
during this period The sputum from each patient was examined 
routinely on three successive mornings It is improbable that a 
Type I, II or III organism would be concealed by a Type IV mouth 
organism on three successive cultivations This is borne out by the 
fact that the organism found in pure culture m each pleural exudate 
has always been of the same type as that found m the sputum More- 
over, according to the figures of ICrumwiede and Valentine*^ and of 
Beckler, Harden and Gillette,® who have controlled the Avery method 
by mouse determination, three cultures would make the results reliable 

The greater number of bronchopneumonia cases occurred during 
the early months of the camp and at a time when type determination 
was not being done The laboratory reports during this period were 
not comprehensive and have not been included Among the later cases, 
the pneumococcus has been found to be the infecting organism in 
seventy-seven cases Sixty-four of these cases were typed, and of 
them fifty-five showed Type IV organism Nine cases belonged to 
Type II In twelve instances streptococci were found as the prevailing 
organism, and m six additional the pneumococcus and streptococcus 
were both present Realizing that hemolytic streptococci had been 
reported as the cause of bronchopneumonia m several different camps, 
the laboratory personnel has made repeated attempts to find this organ- 
ism They have compared the organisms obtained here with cultures 
from another camp which has reported nearly universal Streptococcus 
hemolyticus cultures and find that it is not the same organism The 
organism causing bronchopneumonia in the majority of cases m this 
camp IS the pneumococcus, usually Type IV 

In lobar pneumonia the types of pneumococci found in 139 cases 
are distributed 82 1 per cent to Type IV , none to Type III , 7 9 per 
cent to Type II, and 10 per cent to Type I As we did not at first 
have Type III serum the first sixteen Type IV cases should more prop- 
erly be classed as Type III or IV Streptococcus was found m one 
case in association with a Type IV pneumococcus 

4 Vaughan, Warren T Type Determination of Pneumococcus Infection 
as Practiced in the Field with Avery’s New Cultural Method, Jour Am Med 
Assn , 1918, 70, 431 

5 Krumwiede, Charles, Jr, and Valentine, Eugenia Determination of the 
Type of Pneumococcus in the Sputum of Lobar Pneumonia, Jour Am Med 
Assn , 1918, 70, 513 

6 Beckler, Edith A , Marden, Katherine, and Gillette, Helen H Pneu- 
mococcus Type Determination by Avery’s Cultural Method, Jour Am Med 
Assn , 1918, 70, 836 
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In several instances of pneumococcus culture both for lobar and 
bronchopneumonia the organisms have grown m short chains which to 
cursory examination might have been mistaken for streptococci The 
diplococcus formation m the chain could, however, be well demon- 
strated 

Examination for tubercle bacilli has been routine and has been 
negative in every instance except one case of postmeasles broncho- 
pneumonia This patient died of a tuberculous bronchopneumonia 
Organisms m Plemal Exudate — Pleural effusion occurred in 
twenty-four cases of lobar pneumonia that were typed As a rule, 
clear fluids containing organisms will go sooner or later to pus forma- 
tion In but three cases showing organisms in the pleural exudate was 
operation not necessary 


Character of the Pleural Effusion in Twenty-Four Cases 
or Lobar Pneumonia 




Type of Pneumococcus 



Type I 

Type II 

Type III 

Type IV 

Character of Chest Fluid 

No Cases 

No Cases 

No Cases 

No Cases 

Pus with organisms 

2 

1 

0 

10 

Pus without organisms 

0 

0 

0 

2 

Clear fluid with organisms 

0 

1 

0 

3 

Clear fluid without organisms 

1 

1 

0 

3 

Total 

T 1.1 t 

3 

3 

!• 

0 

18 

4 1 


In regard to bronchopneumonia, the type of organism has been 


determined in the pleural exudate of eleven cases, in all of which it 
has been Type IV pneumococcus Sti eptococcus mucosns has been 
found in one chest fluid and combined pneumococcus and streptococcus 
infection in one other The empyema fluid from every bronchopneu- 
monia typed since March 31 has shown pneumococci, except for two 
instances with S hemolyUcus 

Blood culture determinations have been made in thirty cases of 
pneumonia and have been sterile m all but three There have been 
two positive cultures of Type IV pneumococcus and one of Type I 


LOBAR PNEUMONIA SYMPTOMATOLOGY 

As the first few cases were being treated and studied we were 
under the impression that the disease was not the classic pneumonia 
with sudden onset, chills, fever, pain, cough, rusty sputum and crisis 
The following observations are convincing evidence that the pneu- 
monia here treated is the same real pneumococcus lobar pneumonia 
with which all are familiar 

Chaiacter of Sputum — In eighty-two the sputum was described, 
and of these, 81 8 per cent had rusty sputum , 1 2 per cent , prune 
juice , 6 1 per cent , thick and tenacious, but not bloody, and 10 9 per 
cent , mucopurulent 
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Histoiy of Chill — In 50 8 per cent of the 234 cases there was a 
history of sudden onset and chill In 23 1 per cent the history indi- 
cates that there was no chill In the remaining- 26 1 per cent the 
information is indefinite At least one-half and possibly as high as 
two-thirds of the patients, then, had a chill at onset 

Pam and Fnction Rub — Very nearly all complained of pain in 
the side In five cases the pain was on the opposite side from that in 
which consolidation had occurred Although the pain was pleural in 
character a friction rub was found m but 19 7 per cent of the cases 
Charactei of Fevei — One hundred and ten patients ran a high 
fever with a mortality of 14 5 per cent Of the sixty-five with a 
moderately high fever, 13 9 per cent died Thirteen had a moderate 
elevation of temperature, with no deaths Of the eight who ran a 
low temperature, usually below 101 F , 37 5 per cent died The 
highest mortality is recorded in those running a low fever The small 
number of patients in this class detracts from the value of the high 
figures, but these findings do correspond to the common statement 
that pneumonia patients with high temperatures and vigorous reaction 
to infection frequently do better than those running low temperatures 
Of the three men who died after running a low fever, the first had 
had a moderate alcoholic history and developed a measles rash on 
the day of admission No other complications occurred The second 
had a consolidation of the entire right lung The third was a casual 
admission from a passing troop train, had been sick six days before 
admission and was suffering from a consolidation of the entire left 
lung together with a left serofibrinous pleurisy 

Two-fifths of the patients had a typical crisis Pseudocrisis was 
noted in eight instances Two cases had a critical fall on the second 
day and one on the twelfth day There were instances of crisis on 
every day intervening between these two extremes The greatest 
number, however, was on the seventh day, being twenty-five, as con- 
trasted with fifteen on the sixth and twelve on the eighth As con- 
trasted to eighty-eight instances of crises there were seventy-eight of 
lysis and in the remainder, the character of temperature fall could not 
be determined because of the incidence of complication or of death 
Lobes Involved — As usual, the right lower lobe was consolidated 
most frequently The other lobes in order of frequency ^^ere left 
lower, right upper, right middle and left upper This is the usual 
order of frequency as may be seen by a comparison with the figures 
of Cross’" covering 340 cases in the Minneapolis City Hospital His 
order differs only in the fact that the left upper was involved more 

7 Cross, J G Anabasis of T\vo Hundred Cases of Lobar Pneumonia, 
Jour Am Med Assn , 1915, 65, 1778 
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frequently than the right middle In our series there were one hundred 
instances of right-sided involvement, ninety-six of left involvement 
and nine of bilateral consolidation In the five remaining, which were 
cases treated in the early days of the hospital, the lobe affected was 
not noted The records show that the mortality increased regularly 
with increase m the number of lobes involved In the two patients who 
had consolidation of four lobes 100 per cent died 

Other Symptoms — Abdommal tendetness of marked degree with- 
out abdominal complications occurred three times and the possibility 
of appendicitis was suspected in two additional patients These were 
not operated on Nausea was one of the early symptoms in eight 
instances and vomiting occurred in sixteen, of whom 19 per cent died 
Abdommal distenUon may be considered as of bad prognosis Of 
nineteen cases with distention, approximately 50 per cent died 
Ictems occurred in nine instances The mortality among those show- 
ing this symptom was 44 per cent Severe cyanosis occurred in twenty- 
nine cases and delirium in twenty-one Of the former, 45 per cent 
died , of the latter, 33 3 per cent Five cases were described as drowsy 
and all recovered Heipes were noted on the lips seventeen times 
Meningitis was suspected in four cases on which lumbar puncture 
was performed There was no increase in the spinal fluid cell count 
and the patients subsequently ran typical courses of pneumonia In 
all four cases the consolidation was right-sided and the right upper 
lobe was involved m three out of the four cases The illness was 
severe in three of the patients, but only one died 

Duration — ^The average duration of the stay in the hospital com- 
puted for 152 consecutive patients was thirty-three days 

bronchopneumonia 

As has previously been stated, bronchopneumonia developed in the 
majority of instances after measles There was usually no intervening 
period of good health, the ordinary postmeasles bronchitis became 
more severe, the temperature did not drop and the chest signs became 
more numerous In thirty cases there was an interval of comparative 
good health and the patients had gone back to duty, but a careful 
questioning developed the fact that they were never well or entirely 
free from respiratory troubles during the interval In two instances 
the pneumonia came on as long as thirty-three and thirty-five days 
after the patient had been discharged for measles 

Onset — ^The onset of the pneumonic process was usually gradual 
In only twenty-four cases vas it sudden and in eighteen of these the 
differential diagnosis from lobar pneumonia was very difficult Thirty 
patients, or 9 per cent , reported a chill at the beginning of their illness 
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This chill was never severe and never seemed comparable m degree 
to that accompanying lobar pneumonia 

Character of Sputum — The sputum was reported as being rusty 
in but three cases of this entire group In these three cases the signs 
were those of bronchopneumonia and not of lobar pneumonia Sputum 
was recorded as bloody in a few instances, and as greenish purulent 
in three The vast majority of patients had mucopurulent sputum 
which was raised without great difficulty 

Cough and Hoarseness — Cough was the most frequent single symp- 
tom It was usually distressing, long continued and often provoked 
by motion, eating and drinking In some cases it was markedly pro- 
ductive, while m others it was very scanty in its results Hoarseness 
was recorded in one hundred and seventeen instances and 50 per cent 
of patients m this group died The symptom came early and lasted 
long after the patient was up and about the ward In a few instances 
the hoarseness lasted for months One such case is of interest, in 
that in view of the persistent hoarseness a Wassermann reaction was 
made and found to be strongly positive The hoarseness had not been 
present before the onset of the bronchopneumonia In these cases no 
lesion in the vocal cords, other than that of acute inflammation, was 
demonstrable 

Pam and Fi icHon Rub — Pam was not as frequent nor as per- 
sistent as was the case m lobar pneumonia A friction rub was 
described m thirty-nine cases, and in these there was usually some 
associated pain 

Charactei of Fever — In 265 patients the fever was either remittent 
or intermittent m type Twenty-six cases had a continued type fever 
at some time during the course of the disease, but never throughout its 
entire extent Many showed wide diurnal sweeps of temperature 
This was especially true in the empyema cases In 274 cases the tem- 
perature ranged during the height of the disease between 102 and 

104 F There was a single temperature record of 106 and a few over 

105 The average duration of the fever for all the patients was four- 
teen days Two uncomplicated cases had recurrent temperature for 
sixty days At times the highest temperature record of the day was 
registered during the morning hours 

In but one case of pneumonia, diagnosed bronchopneumonia, was 
there a temperature fall by crisis This patient had signs unmistak- 
ably against lobar pneumonia In thirteen additional instances there 
was a critical fall of temperature, but it subsequently rose and con- 
tinued irregular In all of the remaining cases defervescence occurred 
by lysis over a more or less protracted period of time Relapses were 
frequent 
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Respii atoi y Rate — In bronchopneumonia as well as in lobar pneu- 
monia study of the pulse rate did not result in noteworthy findings 
The important fact as regarding respirations was the low rate as 
compared with the lobar pneumonia The majority of the patients 
had a respiratory rate around twenty-five per minute Two hundred 
and forty-six men fell into this group Respirations in bronchopneu- 
monia, as well as m lobar pneumonia, have been recorded as high as 
sixty per minute before a fatal termination 

Physical Findings — One of the characteristics of the physical find- 
ings in the bronchopneumonia patients at this camp has been their 
inconstancy and polymorphism One-third of the series had bilateral 
rales which, at one time or another, were of nearly every description 
Usually the coarse, moist rales of bronchial origin are transmitted to 
nearly all parts of the chest while the fine showers of pneumonic 
crepitation are limited to isolated patches Signs of consolidation were 
fleeting and of uncertain size In one-tenth of the cases bilateral rales 
of variable description furnished the only signs of pathology in the 
chest and in this series 33 per cent died, a mortality practically iden- 
tical with the general mortality In two hundred and ten cases there 
were bilateral signs of consolidation In some the signs were chiefly 
unilateral One of the most frequent sites for consolidation lies to 
the vertebral side of either scapula Consolidation is also frequently 
reported as being at the angle of the scapula 

Otliei Symptoms — Cyanosis of marked degree was very frequently 
observed, especially in those desperately ill Forty out of fifty-three 
severely cyanotic cases proved fatal Szveating Avas frequently 
observed The easily raised mucopurulent sputum, together with 
cyanosis and sweating, furnish a picture quite distinct from that seen 
on lobar pneumonia Heipes Avas noted seven times, jaundice five 
times and epistaxis ten times Nineteen patients Avere delirious, of 
Avhom eleven died As a rule, one of the characteristics seen in our 
bronchopneumonia patients Avas a clear mental condition up until the 
time of death Distention appeared in nine cases, of Avhom 44 per 
cent died The respiratory grunt characteristic of lobar pneumonia 
Avas never noted 

Course — In regard to the course of the disease, there are three 
Avell-defined groups of cases In the first group are those severely ill 
patients Avho at a very early period shoAv signs of extensive and severe 
pulmonary damage and Avho die promptly, or more rarely, show 
early signs of improvement and finally recover Fifty per cent of our 
patients AA^ho Avere fatally ill died AAUthin ten days from the onset of 
their disease, Avhile 75 per cent died Avithin less than fifteen days 
The second type consisted of a protracted illness OA'-er a long period 
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of time and usually resulted in recovery In this class complications 
were chiefly responsible foi the long duration of stay in hospital 
Comparatively few complications figured in the first group of cases 
In the third class of cases were persons who had been moderately ill 
and who seemed to be convalescing favorably, but who experienced 
either one or many relapses Some recovered and many did not 
There were not necessarily complications in this class, although they 
frequently did occur At times, there were few pulmonar)'- signs to 
account for the relapse or for its severity The presence of pus m 
the pleural cavity was frequently suspected and the record of unsuc- 
cessful needhngs is evidence that this was not the cause 

Dmafion — The average duration of stay in hospital for the 333 
cases vas between thirty-four and thirty-five days, a period surpris- 
ingly similar to that for lobar pneumonia 

DIFFERENTIAL DIAGNOSIS 

It IS natural that with so many cases of lobar and of bioncho- 
pneumonia, and with all grades of both conditions, it was at times 
extremely difficult to determine which disease was present Physical 
signs may be atypical and unconvincing The history may give no 
definite clue as to the condition Certain rules, each having its excep- 
tions, have aided in the diagnosing of these borderline cases The 
character of the sputum was one of the most helpful aids If it is 
thick, tenacious and especially blood-streaked or rusty, the involvement 
is presumably lobar Of the cases of lobar pneumonia, 82 per cent 
showed rusty sputum, whereas among bronchopneumonias, less than 
1 per cent of sputums were described as rusty In this camp we found 
that with a history of 1 ecent measles infection and without an interven- 
ing period of fair health, the probabilit}’- is that the condition is one of 
bronchopneumonia Histoi y of chill with sudden onset is still charac- 
teristic of lobar pneumonia, being present in over 50 per cent of cases, 
as contrasted with 9 per cent in bronchopneumonia The fever m 
lobar pneumonia is usually high and is more apt to be continued in 
character In bronchopneumonia it tends to run lower and is fre- 
quently remittent m character, falling at times as low as 99 F , or 
even to normal In the latter condition the diurnal variation is apt to 
be greater Among the physical signs the presence of widely dis- 
tributed, bilateral, medium and coarse, moist lales, and patchy dis- 
tribution of constant sized crepitations of alveolar involvement are 
more definitely characteristic of bronchopneumonia than are the pres- 
ence and distribution of definite signs of consolidation We wish to 
emphasize the finding of Cole® who, in speaking of bronchopneumonia, 
states 


8 Cole, Rufus, and l^IcCallum, W G Jour Am Med Assn , 1918, 70, 1146 
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In no uncomplicated cases have we seen wide areas of dulness with char- 
acteristic tubular breathing and other signs of consolidation When these 
signs have been present there was always a complicating lobar pneumonia 
In a few cases, however, later in the disease there has been impairment of 
the percussion note over a wide area, with quite distant tubular breathing over 
this area, but with voice sounds fairly well transmitted The repeated inser- 
tion of a needle in these cases has failed to reveal fluid and the needle has 
felt as though it were in a more or less solid lung We have interpreted 
these signs as due to a wide-spread involvement of the lung with a marked 
degree of proliferation and plugging of the bronchi 

We subscribe to the foregoing statement, but record one important 
exception In our experience a patient with bronchopneumonia may 
have signs of consolidation over one entire base and not have lobar 
pneumonia As was proved at necropsy in one such case, there was 
a massive empyema of that side with a completely collapsed lung, 
which was bound down to the posterior chest wall with pleuritic adhe- 
sions In this particular instance sounds were also fairly well trans- 
mitted over the fluid One further point noted by Cole is that there 
may be a combined infection and both types of pneumonia may be 
present in the same individual Rarely the diagnosis may “hang fire” 
for many days, in which case the presence or absence of a temperature 
fall by crisis will aid in a decision 

COMPLICATIONS 

Empyeum — This condition has been found as early as the second 
day of the disease Here it is a question as to whether the empyema 
IS not a primary condition, a question whether or not there is pul- 
monary consolidation behind the fluid accumulation Two or three 
cases were admitted as pneumonia with a history of sudden onset 
with chills, fever and a pain in the side a short time previous to admis- 
sion, and a history of measles a few weeks previously, who on physical 
examination showed, not the signs of pneumonia but those of fluid 
Their general appearance and behavior also resembled pneumonia, but 
the presence of sweating suggested again purulent pleurisy Thora- 
centesis on these cases bore out the diagnosis of empyema There was 
no convincing evidence of accompanying pulfnonary consolidation 
Such cases seem to be the end-stages of a measles sequence It is 
possible either that an unrecognized serofibrinous pleurisy was present 
from the time the patient was discharged after his measles, which 
had just become purulent, or that, as the result of the extensive damage 
done to the respiratory tract by the measles virus, there had occurred a 
primary empyema The pneumococcus was found in the fluid 

Empyema may be present with a normal temperature One patient 
who was entirely convalescent from his pneumonia and who had had 
a normal temperature for fourteen days was found, on the examina- 
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lion pieliminary to discharge, to have one side of his chest entirely 
flat to percussion Aspiration showed pus and at opeiation several 
pints of the material weie drained 

Signs of fluid may be equivocal, but we have usually found them to 
be decidedly more definite in our cases of lobar pneumonia than in our 
bionchopneumonias Flatness to percussion has been one of the two 
most lehable signs With it there may be distant sounds or the bion- 
chial voice sounds may be transmitted fairly distinctly The breath 
sounds aie less often transmitted thiough fluid than are the voice 
sounds We have found cases of serofibrinous pleurisy with flatness, 
diminished tactile fremitus, absent bieath sounds and distinctly trans- 
mitted bionchial whispered voice or egophony, in which the fluid was 
not puiulent and there was no consolidation The bionchial voice 
sounds piesumably originated from a totally collapsed lobe Flatness 
to percussion is not always present over fluid, especially so in the case 
of bi onchopneumonia Of equal importance to flatness on percussion 
is absence of oi a very faint tiansmission of breath sounds even though 
there be but moderate dulness This absence of complete flatness may 
be accounted for, peihaps, by presence of a fringe of lung tissue over- 
lapping the fluid and tending to come between that and the chest wall 
In favoi of this supposition is the fact that veiy frequently it is neces- 
sary to insert the needle to a distance of inches oi moie before 
fluid can be reached Opposed to this is the fact that no condition just 
like that desciibed has been found at necropsy with the exception of 
some cases of interlobar empyema and of encapsulated pus m the 
pleuial cavity adjacent to the mediastinum Rales, usually coarse and 
sticky, may be piesent over an area containing fluid It is never safe 
to say that because rales are present and seem close to the ear, fluid is 
absent It is lare, however, to hear typical showers of fine, pneu- 
monic crepitations ovei fluid 

The positions of the cardiac borders, apex impulse and point of 
inaxnnuin intensity of the heait sounds are of great importance 
Diminished lespiratory excursion on one side is most suggestive of 
fluid accumulation in considerable amount on that side The patient’s 
geneial condition is of aid in arousing the suspicion of fluid, but does 
not enable one to make the diagnosis The typical septic appearance, 
the flushed cheeks, the moist skin, a slightly icteric tinge to the skin 
and the piesence of sweating, especially at night, are the points of 
impoitance In lobar pneumonia the presence of sweating had been 
of mateiial benefit In bronchopneumonia this feature is frequently 
present without empyema and due presumably to the purulent bron- 
chitis 

Determination of the presence or absence of Grocco’s paravertebral 
triangle has not given great assistance The roentgen ray has been 
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helpful in some cases, but it has not increased materially the number 
of instances in which fluid has been found In but one class of cases 
has the roentgen ray been indispensable, namely, interlobar empyema 
and allied conditions 

In this camp, as at other camps, collections of pus have been found 
at necropsy substernal, in the mediastinum, and in the pleural cavity 
between the lungs and the pericardium or mediastinum The roentgen 
ray has enabled us to find these encapsulated fluids in time to treat 
them For example, one patient was tapped early in his illness and 
15 c c of a serofibrmo-purulent fluid containing pneumococci was 
withdrawn The fluid was not found until the needle was inserted to 
its full length Several subsequent thoracenteses were nonproductive 
Later, after the acute condition had subsided and the temperature was 
running from normal in the morning to 99 or 101 F in the afternoon, 
the roentgen ray showed a shadow between the mesial surface of the 
right lower lobe and the pericardium A needle was then inserted 
deep into the eighth right interspace, 8 cm from the spinous processes, 
and thick, creamy pus was withdrawn Thoracotomy was done and 
the patient is now about ready for discharge We have another patient 
in the ward at present, convalescent from bronchopneumonia, who has 
the classic signs and symptoms of an abscess in the mediastinum with 
substernal pain, increase in retrosternal dulness, a mediastinal shadow 
shown by the roentgen ray, unequal pupils and pulses, and the con- 
stitutional signs of pus 

Too great emphasis cannot be placed on the statement that if one is 
convinced from the signs and general condition that fluid is present, 
needling should be persisted in even though no fluid be at first obtained 
One example will suffice 

A patient who had lobar pneumonia was suspected of having fluid extending 
from the region of the cardiac apex around to the region of the left scapular 
angle A needle was inserted in this latter area and no fluid was obtained 
It was then inserted in the fourth intercostal space anteriorly, about 5 cm 
outside of the nipple No fluid was obtained It was immediately reinserted 
one interspace lower, not 1 inch from the previous point, and a purulent fluid 
was withdrawn Two hours later, at operation, over a pint of pus was drained 
from this region 

Another maneuver in the successful demonstration of fluid is in 
directing the needle in more than one direction after it has once been 
inserted One more point to be borne in mind is that, before tapping 
the patient should be so placed that the suspected area is as nearly as 
possible the dependent area 

Encapsulated fluid has seemed to be the rule rather than the excep- 
tion The cases described in the foregoing serve as examples In 
truth, there is scarcely an area in the chest surface, with the exception 
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of the precordium and the apices, from which we have not been able 
in one case or another to obtain fluid In one case of lobar pneu- 
monia in which we Avere comnnced that pus was present we obtained 
it only through the region of the right nipple At operation the sur- 
geons preferred to perform a posterior rib resection No pus was 
obtained and it did not appear until a secondary operation was per- 
formed when the adhesions were well broken up Occasionally, 
encapsulated fluid will occur in two separated areas m the same chest 

Patients who had bilateral empyema, of which we have had seven, 
have not recovered 

We have generall}'^ been able to find fluid before it has become 
purulent and have been able by repetition of needling to determine the 
most desirable time for operation This optimal time is a question 
on which there is still considerable difference of opinion Some cases 
of serofibrinous pleurisy hai^e been sent to the surgeons as soon as 
the fluid has been proved to contain organisms The reason for this 
early transfer was the argument that the condition, provided organ- 
isms were present in the fluid, was somewhat analogous to that of an 
acute appendicitis m which one would invariably operate by preference 
long before the development of frank pus In other cases we have 
waited until the fluid has become purulent Out of twenty-one patients 
in whom tlie fluid at operation was of the former type, eleven died 
Out of nineteen in whom it was described as definitely purulent, but 
two have died We feel that the best procedure is to tide the patient 
through the acute pneumonia by complete aspiration as long as the 
fluid IS relatively clear, and after that to continue aspirations if the 
patient is improving, otlierwise to operate In some instances the 
critical condition requires an early operation This is especially true 
in bronchopneumonia, in vhich condition the fluid may never become 
pus, the patient dying before that time Operation has, therefore, 
been done earlier on such critical cases and sometimes has without 
doubt been a hfe-saving procedure Rib resection has been the opera- 
tion of choice, although in some of tlie severely ill a thoracotomy has 
been done The results with our patients who were operated on for 
empyema have been fairly satisfactory, the mortality being about 
28 per cent 

There are hvo periods during the course of acute lobar pneu- 
monia at which the signs may very strongly suggest a pleural effusion 
which IS, in reality, not present The first is early in the disease when 
the signs of consolidation ha^e not deA eloped fully and AAhen there 
ma}’' be dulness but usually not real flatness, Avith suppression of the 
breath and A'^oice sounds If the beginning consolidation is in the 
loAAer lobe, fluid may be strongly suspected In fifteen of our cases 
these signs Aiere present The second and more important penod is 
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at or about the time of crisis and resolution Following the presence 
of dulness, bionchial breathing and bronchophony, there may develop 
distant bronchophony and dulness to flatness over the same area 
Thoracentesis will be nonproductive and on the same day or soon 
thereafter, the temperature will suddenly drop to normal where it will 
remain We know of no accepted anatomic explanation for this 
phenomenon, but suggest that with beginning resolution more air 
enters the central portion of the lobe, in the region of the larger 
bronchi, and consequently the bronchial breathing and bronchophony 
become less distinct The still considerable amount of consolidation 
accounts for the persisting dulness As the resolution progresses this 
dulness also clears up We have had twelve such cases in which fluid 
was suspected and some of which were tapped with negative results 
One notable difference between the bronchopneumonias of this 
camp and of certain other camps is in the comparatively lower inci- 
dence of empyema There have been until March 31, but twenty-nine 
cases of post-bronchopneumonia empyema Of twenty-six necropsies 
on bronchopneumonia patients, but ten had empyema Nearly all of 
these were postoperative cases In the ninety-four earliest cases of 
bronchopneumonia m which the patient died no necropsy was made 
These may have had a high proportion of empyema But among the 
two hundred and thirty-nine who either recovered or were examined at 
necropsy, the incidence of empyema was 82 per cent The true per- 
centage was not lower than this figure and presumably was several 
points higher on account of possible empyema in the ninety-four cases 
in which no necropsy was made We cannot give definite figures as to 
the percentage of empyemas following bi onchopneumonia, but draw 
attention to the fact that the apparent relative infrequency of 
empyema conesponds well to the fact that the pneumococcus, rather 
than the hemolytic streptococcus, was the infecting organism The 
empyema percentage in lobar pneumonia was 13 5 

P ei icai ditis — This complication occurred in nine cases in the 
senes There have been three additional instances in more recent 
cases It is of bad prognosis Of these twelve patients, nine died, one 
is still seriously ill and the other two, after a stormy illness, recovered 
In the majority of instances pericarditis is a terminal complication 
Urhcmta — This condition has occurred as a part of serum sickness 
in cases treated with Type I antipneumococcus serum It has also 
occurred in two instances of the lobar pneumonia senes and in three 
additional cases since March 31, when no serum has been given and 
no cause could be found In these latter cases the rash usually came 
out around the time of crisis, and we suggest that it may be an evi- 
dence of sensitization reaction, either to the proteins of the pneumo- 
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coccus or to some protein derived from the exudate itself Allied to 
this IS another case diagnosed as idiopathic purpura m which theie 
developed cutaneous manifestations, similar in character to eiythema 
multiforme There was an accompanying spontaneous bleeding from 
the bowels No cause was discovered Rectal examination was nega- 
tive, except for some tenderness high up The patient had two 
attacks at shoit intervals and was discharged in good health 

PentomUs — As a complication of lobar pneumonia we have had, 
m the series quoted, one case of peritonitis as shown at necropsy, and, 
since March 31, we have had three additional cases The first, at 
necropsy, had not only a purulent peritoneal exudate, but also pus m 
both pleural cavities and in the pericardium, a condition which we 
choose to designate for lack of a better term, as suppurative poly- 
serositis One or two othei patients have been m the wards in whom 
peritonitis had been very strongly suspected The patients died, but 
necropsy could not be perfoimed 

Two of the peritonitis cases are of interest as being postoperative 
The first of these was operated on for appendicitis and developed a 
postoperative pneumonia which was, m turn, followed by general peri- 
tonitis and death At necropsy the consolidation was found to be m 
the stage of resolution The interesting feature was that a culture of 
the peritoneal exudate showed the infection to be pneumococcic In 
the second case, several days after an appendix operation, lobar pneu- 
monia developed, which was followed by a pneumococcus empyema, 
a geneial peritonitis and death The appendix scar had nearly healed 
over Here again pneumococci were found to be the invading organ- 
ism of the peritoneum 

The symptoms of peritonitis, complicating pneumonia, aie usually 
quite indefinite There is more or less abdominal distention and some 
tenderness on pressure Muscle spasm may be slight or absent The 
pathologic picture is one of a thin layer of yellow greenish pus cover- 
ing various portions of the intestines and found particularly between 
coils and down in the folds There is very little accumulation of peri- 
toneal fluid 

A'lthntis — Following lobar pneumonia the acute suppurative form 
of synovitis, as ell as cases with the classic symptoms and signs of 
acute rheumatic fever, have been noted Pneumococci were isolated 
from the joint of two of these cases with suppurative synovitis 
Salicylate did not appear to have great effect on the ‘‘rheumatic fever” 
type of case 

Otliet Comphcahoiis There have been several cases which have 
developed multiple complications, so that the patients have had to 
remain m the hospital for months One patient, after a pneumonia 
of the right lower lobe, developed a right empyema, a fibrino-purulent 
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pericarditis, an empyema of the left pleural cavity and finally died 
At necropsy there was found, in addition to all of this, a purulent 
mediastinitis Anothei patient who had been convalescent for seven- 
teen days from lobar pneumonia, involving the left lower lobe, devel- 
oped a bronchopneumonia with a right-sided empyema and died 
Pneumococci, Type IV, weie found m the pleural exudate Another 
sequence lepoited is of measles, bionchopneumonia, purulent otitis 
media, empyema, terminal lobar pneumonia of the opposite side and 
death Yet another individual, admitted with a postmeasles otitis 
media, later developed a mastoiditis which was operated on Then 
followed a post anesthetic lobar pneumonia, a right serofibrinous 
pleurisy without organisms, an acute purulent synovitis of the right 
shoulder joint and finally mumps This patient was also a hookworm 
host and this may have accounted m part for the numerous complica- 
tions He was later discharged well 

Among others of the more important complications of both forms 
of pneumonia, may be mentioned seiofibrmous pleurisy, otitis media, 
mastoiditis, laryngitis, an anaphylactic reaction to intravenous serum 
m four cases, and metastatic interstitial abscesses Otitis media and 
mastoiditis deserve further mention They were of rather high inci- 
dence during December and early January, but m the latter half of 
our series these complications have been decidedly less frequent 
Among the lobar pneumonia patients right otitis media occurred ten 
times, left involvement six times and bilateral involvement in five 
instances Five cases progressed to mastoid involvement Among 
the bronchopneumonia patients there were fifty-eight cases of otitis 
media, with twenty-four in the right, twenty on the left and fourteen 
bilateral Seventeen cases of mastoiditis resulted therefrom 

PNEUMOCOCCOSIS AT CAMP SEVIER 

Not only has the laboratory force been unable to demonstrate the 
presence of the hemolytic streptococcus m the cases of bronchopneu- 
monia, but also they have found that the pneumococcus at this camp 
might aptly be termed omnipresent We have had five cases of pneu- 
mococcus meningitis, not secondary to other disease One of these 
was due to Type I pneumococcus We have had cases of primary otitis 
media and mastoiditis in which the pneumococcus was found m pure 
culture There is one patient in the hospital suffering from a spondy- 
litis and a psoas abscess Type I pneumococcus was found in pure 
culture in the pus There are two patients with a Type I pneumococcus 
infection in the form of a chronic bronchitis The organism in both 
of these cases has been obtained directly by lung puncture During a 
meningitis survey of several companies of the division, the pathologists 
have frequently found nearly pure cultures of pneumococcus in the 
nasopharynx Many other instances might be included 
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SPECIFIC TREATMENT 

In View of the good results reported from treatment of Type I 
pneumonia with Type I immune serum we have grouped all cases of 
pneumonia admitted since the middle of December, 1917 Type deter- 
mination with the use of the mouse is, admittedly, the more accurate 
method and should be employed wherever practicable In the absence 
of mice we have used Avery’s cultural method with satisfactory results 
Emphasis should be placed on the desirability of making repeated 
sputum cultures on the same patient Every report of Type IV pneu- 
mococcus IS a negative report It means that, other than the presence 
of the diplococcus, nothing definite was found We have insisted on 
at least three type determinations on every patient Perhaps the 
greatest disadvantage m the method is in the fact that occasionally a 
Type IV report is followed the next day by one of Type I on the same 
patient and a day is thus lost for serum treatment We have taken the 
three specimens on three successive days We recommend that it 
would be much better to take them all on the first or first and second 
days Careful collection of real sputum and careful washing thereof 
will eliminate nearly all of this trouble 

In the treatment of Type I cases with homologous serum, desensiti- 
ation and intravenous administration were carried out according to the 
technic outlined by Avery, Chickenng, Cole and Dochez ® We found 
certain precautions to be essential (1) The first 15 cc should be 
given very slowly, taking in all about fifteen minutes If this pro- 
cedure is followed there is very little danger, even with sensitive 
patients, (2) watch the respirations, and if they become accelerated, 
discontinue administration until it can be determined whether this is a 
beginning anaphylactic reaction, and (3) watch for evidences of 
peripheral irritation and for urticaria 

In from five to ten or more minutes after serum has been given 
intravenously to a sensitized individual, he will evidence slight uneasi- 
ness He may rub his heels on the sheet or his legs against each other 
He may scratch various portions of his body while complaining of 
the tingling Or his first symptoms may be respiratory His breath- 
ing will gradually increase in rapidity If the nurse has her elbow 
over the patient’s chest or abdomen he may push it aside, complaining 
of the weight or that it interferes with breathing The respirations 
increase until the breathing is rapid, deep and labored as when one 
has ]ust finished a hard run It is not the shallow panting of an 
hysterical individual, nor has it exactly the typical wheezing expira- 

9 Averj, Chickenng, Cole and Dochez Acute Lobar Pneumonia, Mono- 
graphs of the Rockefeller Institute for Medical Research, No 7 
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tions of the asthmatic The impression is given of a great increase 
in pulmonary ventilation Respirations may become so labored that 
the patient cannot reply to questions He is alert and apprehensive 
As the dyspnea becomes very marked moderate cyanosis develops 
By this time urticaria is usually quite widespread If in the region 
of the eyes they may swell nearly shut This anaphylactic reaction is 
combated by immediate discontinuance of serum administration and 
the intramuscular injection of atropm and epmephrm The patient 
rapidl)'^ improves and m fifteen minutes from the height of the reaction 
appears none the worse for the experience It is advisable not to gne 
additional serum within less than one hour’s time 

Type I pneumonia, as has been previously noted, has been rather 
infrequent in this camp Ten per cent of the lobar pneumonias were 
mfected with this organism, vhile none of the bronchopneumonias 
were so infected Ten cases have been serum treated Four cases 
treated early m the disease had a temperature fall to around normal 
within twent3’^-four to thirty-six hours and with immediate ameliora- 
tion of symptoms They did not sutler any relapse One patient wuth 
consolidation of the right upper lobe had a crisis wuth a normal tem- 
perature on the third day That evening a temperature of 104 F 
developed, and the inflammation spread to the right lower lobe Two 
serum administrations brought the temperature to below^ 100 5 F, 
from w’hich it did not again rise 

In the case of one patient 90 c c of serum w'ere given on the sixth 
day At the end of twelve hours the patient had passed through the 
crisis Convalescence was uninterrupted One further case, first 
treated on the fifth day, w^as given two 100 c c doses and the tempera- 
ture reached normal wuthin tw^elve hours from the last administration 
A subsequent serous effusion, wuthout organisms, appeared and dis- 
appeared without requiring special treatment One case w^ho had 
previously developed fluid wuth organisms in his chest improved 
markedly under serum treatment, but did not recover completely and 
rib resection w’^as subsequently done for the empyema He recovered 
He had been extremely ill and serum undoubtedly w'^as the means of 
saMng his life 

Tw’^o of our serum treated patients died The first case did not 
receive serum until at a time when he was moribund and after he had 
developed a massive empyema The other patient had received a suffi- 
cient amount of serum, 500 c c in all, but did not respond to treatment 
and died wathout any recognizable complications having occurred 
Treatment in this case was also instituted rather late A necropsy 
unfortunatel} could not be obtained 

Type I immune serum is a most valuable addition in the treatment 
of pneumonia It should be used in all cases of Type I infection , the 
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earlier in the course of the disease the moie satisfactory will be the 
results 

Polyvalent serum was used in a few cases of severely ill broncho- 
pneumonias and without beneficial results 

MORTALITY 

In lobar pneumonia the mortality for the entire period from the 
opening of the hospital until March 31, 1918, was 149 per cent Our 
highest number of deaths occurred during the early days of the hos- 
pital In a period from December 1, 1917, until March 31, 1918, during 
which more accurate records were kept, type determination was made, 
better methods of isolation were employed and the treatment was 
supervised in all wards by one individual, the mortality was decidedly 
lower, being 10 per cent In this second period nearly all of the cases 
fall, 201 out of 234 Ten per cent should, then, be more propeily the 
average death rate from the disease in this camp Among those earlier 
cases m which the patient died, the records at times leave some doubt 
as to the possibility of the death being due to an intercurrent, or a 
primary empyema, rather than to lobar pneumonia 

The death rate with Type I pneumonia is recorded as 14 per cent , 
and from Type IV as 7 per cent There were no deaths among the 
eleven cases of Type II pneumonia The Type I mortality includes 
both serum treated cases and those not so treated 

In bronchopneumonia the death rate has been 36 per cent 

CONCLUSIONS 

It IS a generally recognized fact that statistical reviews are subject 
to erroneous interpretation and may lead to false conclusions Yet 
without such compilations in the past, the progress of medical knowl- 
edge would have been considerably retarded We have felt that a 
study made by the persons who have had in charge the care and treat- 
ment of the cases and who have been led into definite points of view 
from personal contact with the patients, will be of greater value than 
a compilation of statistics from various observers m numerous camps 
The authors have therefore undertaken to present their experiences 
and conclusions regarding pneumonia and empyema at Camp Sevier 
and to verify these findings with the use of figures From our observa- 
tions we are led to conclude that the pneumonias as seen in this camp 
do not comprise an hitherto unknown form of disease, but are m 
essentials, the same clinical types of the diseases as have been previ- 
ously described 
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THE TREATMENT OF BRONCHIAL ASTHMA 
WITH PROTEINS 

I CHANDLER WALKER, MD 

BOSTON 

In a recent paper’- many important clinical facts were brought to 
light from the study of a series of 400 patients with brondiial asthma 
These facts all have a direct bearing on the determination of the cause 
of the condition and therefore indirectly they indicate the proper 
treatment Among other facts, it was shown that 48 per cent of the 
400 patients were sensitive to some type of protein and that the 
younger the patient was when he began to have bronchial asthma the 
more apt was he to be sensitive to some protein A table was pre- 
sented showing the number of patients who were sensitive to the four 
chief sources of protein, namely, animal hair, food, bacteria and pollens, 
at the various ages of onset of bronchial asthma The skin or cutane- 
ous test was employed to determine whether or not the patients were 
sensitive 

The object of the present paper is to give the results of the treat- 
ment of sensitive patients with the proteins to which they were sensi- 
tive Incidently the relative importance of positive skin tests with 
various proteins in the same patient will be shown Only those patients 
who were sensitive to the proteins in animal hair and in food will be 
included in this paper The method of performing the skin test has 
been frequently described so that it will be omitted here , however, it 
should be said that in this paper a'reaction to be called positive must 
present an urticarial wheal measuring at least 0 5 cm in diameter 
Therefore, as regards the proteins of animal hair and foods, these 
must give a definite reaction in order to be called positive, smaller 
reactions should be noted and repeated and frequently they give valu- 
able information , but in this paper, to be conservative, small reactions 
are ignored The method of treatment of the sensitive patients will 
not be given in detail since this has been described m previous papers ^ 

In the series of 400 patients, 67 were sensitive to the proteins of 
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horse dandruff, that is, 17 per cent of the whole senes and 35 per 
cent of the total sensitive cases were sensitive to horse dandruff 
Of the 67 patients, 48 were treated with desensitizing doses of horse 
dandruff proteins with the following results 30 patients were relieved 
of asthma, 8 were not improved at all, 5 have been treated too short 
a time to warrant a definite prognosis, and m the remaining 5 cases it 
is difficult to state how much the improvement was really due to horse 
dandruff treatment, because other treatment was given at the same 
time Therefore, of the total patients who were both sensitive to 
and treated with horse dandruff proteins, m 63 per cent there was 
relief from asthma , in 20 per cent , because of other or of insufficient 
treatment, it is impossible to state the results of horse dandruff treat- 
ment, although in these cases such treatment cannot be considered a 
failure, but m the remaining 17 per cent horse dandruff treatment was 
a failure as regards the relief of asthmatic attacks, and therefore 
only in this 17 per cent , or 8 cases, one might conclude that the skin 
test was misleading Five of these patients, however, were sensitive 
to, and were relieved by, the omission of wheat, and in these 5 patients 
there was no indication for treatment with horse dandruff, since the 
positive skin tests with wheat explained the cause of asthma, horse 
dandruff treatment was given only to see whether or not it would 
desensitize against wheat, and it did not, thus showing a specificity 
in the protein treatment Therefore, in only 3 cases did positive 
skin tests fail to explain the cause of asthma 

In a previous paper^ the importance of the age of onset and the 
duration of asthma was emphasized, therefore, it might be well briefly 
to summarize these facts as concerns those patients who were relieved 
by treatment with horse dandruff proteins 

In 8 patients attacks of asthma began at approximately 1 year of 
age and the duiation, at the time treatment was begun, varied between 
SIX and thirteen yeais, 2 patients had had asthma for 13 years, 3 for 
11 years, the other 3 for 6, 7, and 9 years, respectively In 5 cases, 
asthma began at approximately 2 years of age and the duration at the 
time of beginning treatment was from 8 to 28 years, the actual 
duration in each case was, respectively, 28, 25, 12, 10, and 8 years 
In 7 patients the onset of asthma was between the ages of 3 and 5 and 
the duration up to beginning of treatment was from 6 to 31 years, or 
respectively, 31, 16, 15, 10, 7, 6, and 6 years In the remaining patients 
the age of onset was at 9, 10, 12, 22, 23, 26, 40, and 43 years of age 
and the duration was, respectively, 20, 23, 32, 1, 25, 5, and 2 years 
Therefore, of the 30 patients who were sensitive to and relieved by 
horse dandruff proteins, 8 began to have asthma at the age of 1 year. 

Assn , 1918, 70, 897 The Cause and Treatment of Bronchial Asthma, Med 
Clinics of North America, Boston, 1918, 1 , No 4 
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5 at the age of 2 and 7 at the age 3 to 5 years, in other ^vords, two- 
thirds began to have asthma previous to the age of 5 and only 2 patients 
began symptoms after the age of 26 Since in 9 cases the duration was 
from 20 to 32 years, and in 15 cases the duration was from 6 to 13 
years, there is no chance for doubting the good effects resulting from 
horse dandruff treatment, one can hardly say that the patient out- 
grew, or incidently ceased having, asthma 

Another indication of the benefit derived from desensitization with 
horse dandruff protein is the reduction in the positiveness of the skin 
test with that protein Usually the positiveness of the skin test 
diminishes as the amount of protein in the treatment increases, pro- 
vided the increase in the treatment is slow and gradual, if, however, 
treatment is rapidly increased, the skin test and the patient’s desensi- 
tization cannot keep pace with the treatment and sooner or later a 
larger amount of protein will be given than the patient is able to stand, 
and consequently he may have symptoms of anaph 5 dactic shock If 
treatment is carried on for a long time and in the proper manner the 
positiveness of the skin test will greatly decrease and will eventually 
become negative The following cases illustrate this point Case 1 
before treatment, 1 100,000 positive, after 22 treatments only 1 100 
was positive, Case 2, before treatment 1 100,000 positive, after 23 
treatments 1 100 positive , Case 3, 1 100,000 positive, after 41 treat- 
ments 1 100 positive, Case 4, 1 10,000 positive, after 51 treatments 
1 100 negative, Case 5, 1 10,000 positive, after 20 treatments 1 100 
positive , Case 6, 1 10,000 positive, after 14 treatments 1 100 positive 
A total of 900 treatments has been given with the proteins of horse 
dandruff and to the 30 patients who were relieved of asthma a total 
of 675 treatments was given It is too early to predict the duration 
of desensitization or the permanancy of relief by such treatment , how- 
ever, we do know that following a few treatments the patient is apt 
to relapse a few months later, but after many treatments so far no 
patient has relapsed In one patient two years have elapsed, and in four 
others from eighteen to twenty months have elapsed without a relapse 
In this research work the individual proteins in horse dandruff have 
been used, and it has been learned that patients vary m their degree of 
sensitiveness to these different proteins, and, furthermore, treatment 
with one of them does not desensitize against the others The peptone 
and the protein are the two constituent proteins of horse dandruff that 
are absolutely necessary for such work, and it would seem that the 
other constituents are not necessary, so that for tests and treatment 
these two proteins should be used either separately or in equal parts 
together , the latter is of course the handiest to use Patients naturally 
will not be so sensitive to a combination of the two proteins as to either 
one separately , therefore, instead of a positive skin test with a dilution 
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of 1 10,000 or higher, as is usually the case with either one of the 
proteins alone, these higher dilutions will be negative with a combina- 
tion of them unless the patient is very sensitive to both 

Since one might ask why nineteen patients who were sensitive to 
horse dandruff protein were not treated with them, a brief discussion 
of these cases is indicated Five of the patients lived too far away 
to be available for weekly treatment All were children or young 
adults, and three of them knew that exposure to horses caused asthma 
Four others had attacks of asthma only when they were near horses 
and as these patients (all adults) were able to avoid close proximity 
to horses, treatment seemed to be unnecessary Fuithermore, they 
were not sufficiently sensitive to warrant treatment They gave positive 
skin tests with the dandruff proteins in dilutions no higher than 1 100, 
therefore, such patients would not be exposed to enough dandruff 
protein in ordinary walks of life to cause trouble, the patients would 
have to be closely associated with horses to have trouble Patients 
who are so sensitive to dandruff proteins that dilutions of 1 10,000 
or 1 100,000 give a positive skin test (and this is frequently the case) 
we feel should be desensitized, because the dust from city streets 
probably contains enough dandruff protein to cause attacks in such 
highly sensitized individuals Two patients, aged 23 and 28, who had 
had asthma for nineteen and ten years, respectively, were much more 
sensitive to cat hair proteins than to horse dandruff proteins, and as 
they did not wish to part with their pet cats, they were treated with 
and were relieved by cat hair proteins One patient who had had 
continuous asthma for sixteen years, beginning at the of 18 months, 
was very sensitive to wheat proteins, and omission of wheat from the 
diet relieved her asthmatic condition She knew that horses did cause 
her to have asthma, but she could avoid them One patient who was 
not veiy sensitive to horse dandruff was extremely sensitive to feather 
protein, and he had asthma only when he slept on a feather bed Two 
patients, aged 31 and 27, had had asthma for thirty and ten years, 
lespectively, but they weie not sensitive enough to be treated with 
horse dandruff, they were relieved by vaccines The remaining four 
patients all had attacks of asthma when intimately in contact with 
horses, but they were not considered sensitive enough to treat, and, 
furthermore, on account of their bronchitis, vaccines seemed to be 
indicated Their ages w^ere 64, 63, 58 and 51, and they had had asthma 
for 60, 63, 7 and 20 years In the first two cases asthma began at the 
ages of 1 and 4, and the first attacks m each case resulted from 
exposure to horses Therefore, in all of these nineteen cases there \vas 
a definite reason for not attempting desensitization with horse dandruff 
protein, and yet there w^as enough evidence to confirm the positiie skin 
tests ^Ylth this protein 
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In the whole senes there were twenty patients who were sensitive 
to the protein in cat hair, but of this number only four were treated 
with cat hair protein, and of these a total of 113 treatments were given 
Two of these patients were relieved by such treatment, one patient 
was 38 years of age and had had asthma for ten years, and the other, 
who was 28 years old, had had asthma for six years The latter 
patient gave a positive skin test with cat hair protein in a dilution of 
1 1,000,000 before tieatment, and after 'twenty-four treatments the 
skin test was positive with only a 1 10,000 dilution of cat hair protein 
This patient then went a year without tieatment, and it is interesting 
that after a year without treatment the skin test was still positive with 
a dilution of 1 10,000, the patient has now gone a year and a half 
without treatment and she has been free from asthma all of this time 
The first patient gave a positive skin test with cat hair proteins in a 
dilution of 1 100,000 before treatment, after thirty-eight treatments 
with cat hair protein the skin test was only slightly positive with a 
dilution of 1 1,000 of this protein, but the skin test remained the same 
for cat hair peptone, which was still positive in a dilution of 1 100,000 
Twenty-three treatments were then given with cat hair peptone, and 
the skin test was reduced to positive with a 1 1,000 dilution This 
patient shows well the specificity m the protein treatment of asthma, 
in that treatment with the protein alone did not change the positive- 
ness of the skin test for peptone, and the case also shows the necessity 
of using both the protein and the peptone either separately or in equal 
parts together for tests and for treatment Although this patient also 
has been free from asthma for eighteen months, treatment with the 
cat hair proteins is still being continued The third treated case was 
that of a young girl who lived on a farm among cats and horses 
Twenty treatments were given with the protein of cat hair without 
relief from asthma Treatment was then begun with the protein of 
horse dandruff and the patient rapidly became free from asthma 
Thus, this patient also well illustrates the specificity of protein treat- 
ment for asthma, since treatment with cat hair protein produced no 
benefit, whereas treatment with horse dandruff protein relieved the 
condition The fourth treated patient was a woman, aged 42, who has 
had asthma for nineteen years Since she has had only ten treatments, 
it is too early to prognosticate , still she has gradually improved until 
she is free from asthma Therefore, of these four patients who were 
sensitive to and treated with cat hair protein, two were relieved, one 
IS practically relieved during a small number of treatments, and the 
other, who did not improve under treatment with cat hair protein, was 
relieved by horse dandiuff protein, so that there really were no failures 
either in treatment or in the skin tests 

The remaining sixteen patients, who were sensitive to cat hair 
proteins, were not treated with these for the following reasons Three 
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patients disposed of their cats and therefore desensitization with cat 
protein seemed unnecessary Thiee patients were sensitive to wheat 
and were relieved by omitting wheat from the diet Eight patients 
were so much more sensitive to horse dandruff than to cat hair that 
they were treated with horse dandruff protein and were relieved The 
remaining two patients were more sensitive to other types of proteins, 
although they knew that attacks of asthma had diiectly followed 
petting cats There seems to be no evidence for doubting skin tests in 
these cases 

Nineteen patients were sensitive to the proteins m dog hair, but 
none was sensitive enough to require treatment, one patient gave a 
positive skin test with a dilution of 1 1,000 and all others only with a 
dilution of 1 100 None was sensitive to dog hair alone and all were 
very sensitive to horse dandruff, so that treatment was given with the 
latter, several were also somewhat sensitive to cat hair protein In 
only two patients was theie evidence that asthmatic attacks directly 
followed intimate contact with dogs The infrequency of asthma from 
dogs and the slight degree of sensitiveness to their hair is probably 
explained by the fact that pet dogs are frequently bathed and are kept 
clean, and that the unkept street dog is not a pet, but more or less wild 

Only a rare case was sensitive to the hair of cattle, and in one 
instance attacks of asthma definitely followed intimate contact with 
cows , all of these patients were very sensitive to hoi se dandruff pro- 
tein The same holds true for wool Sensitization to feather protein 
IS fairly frequent but certainly not nearly as frequent now as in former 
times when feather mattresses were in vogue In this series of cases 
three patients definitely had asthma from feathers, and when the 
feather pillows (in two cases) and feather mattress (in one case) 
were discarded asthma ceased Therefore, although cattle hair, wool 
and feathers are not frequently the cause of asthma, yet they may be 
a cause, and they surely should always be considered m obscure cases 

It IS thus seen that patients who are sensitive to the proteins in one 
type of animal hair are also frequently sensitive to the proteins in 
other types of animal hair Such patients, however, are far more sen- 
sitive to some one type of animal hair than to the others, and it is with 
that protein to which the patient is most sensitive that treatment should 
be given provided the patient is not more intimately in contact with 
some animal hair which gave a lesser degree of sensitization Circum- 
stances alter cases, and treatment may be a matter of judgment In 
the case of feathers and wool, avoidance of the causative agent is 
simpler than treatment with it, and to a certain extent this holds true 
for cats and dogs It is practically impossible for one who is very 
sensitue to horse dandruff to avoid horses and horse dust in the 
street sufficiently well to prevent trouble 
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Thirty patients (7 5 per cent of the total number of cases, and 
15 7 per cent of the total sensitive patients) were sensitive to the 
protein of the cereal grains Twenty of these were sensitive to wheat 
alone, 5 to vrheat and other cereals together, and 5 to the cereals other 
than w'heat The order of frequency of sensitization to the cereals, 
exclusive of the 5 patients who were sensitive to all cereals, was as 
follows Wheat, 20 cases, or 64 per cent , corn, 6 cases, or 20 per cent , 
rice, 3 cases, or 10 per cent , rye, 2 cases, or 6 per cent Sixteen of 
these patients were also sensitive to other types of proteins such as 
animal hair, pollens or other foods, however, as the cereals contain 
the most common protein that enters the body, these should first be 
eliminated 

Of the 20 patients w'ho were sensitive to v\heat alone, 15 v\ere 
relieved of asthma when wheat was omitted from the diet, all 5 of 
those who were sensitive to all the cereals, including wheat, v\ere 
relieved of asthma when all cereals w'ere omitted from the diet, and 
of the 5 patients w'ho v\ ere sensitiv'e to cereals other than wheat, 2 w ere 
relieved by the omission of these cereals Therefore, in 75 per cent 
of the patients wdio vs ere sensitive to cereals, the positiv^e skin test 
vv^as confirmed b) the therapeutic test, namely, relief from symptoms 
when cereals were omitted from the diet Of the patients who were 
reliev'ed, 9 began to have asthma at the age of 2 jears or under, and 
they had had asthma from 8 to 28 years , 4 began asthma betw een the 
ages of 3 and 5, and the duration of asthma w as from 14 to 20 years , 

6 began to have asthma in young adult life, and the duration was 
from 8 to 19 years, the remaining 3 patients vv^ere bakers who began 
to have asthma at 35, 37 and 40 years of age, and the duration was 
7, 15 and 1 }ears, respectiv'ely Therefore the younger the patient is 
when asthma begins, the more essential it is to test with the cereals, 
and since the duration of asthma in those reliev^ed v aried from 8 to 28 
3 ears, the relief following the omission of cereals from the diet would 
not seem to be accidental, or due to some other influence Also the 
importance of testing bakers with the cereals is brought out 

Eight patients w^ho gave positwe skin tests with the cereals were 
not relieved b}"^ the omission of these from the diet One patient, a 
foreigner who understood very little English, gave a positive skin test 
with the cereals, r 3 "e, nee and corn, but while these vv^ere omitted from 
the diet no improv^eraent was noted, she was 31 3 ^ears old and had had 
asthma for 15 3 ^ears Another patient, aged 33, wEo had had asthma 
since infanc}, gave positive skin tests with wheat and com, but she 
showed no benefit while these were omitted from her diet A third 
patient was a baker, aged 50, who had had asthma for 9 years, he 
was sensitive to all of the cereals, yet the omission of these from the 
diet resulted in no benefit This patient was greatty improved by 
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vaccine treatment Two other patients, young adults, gave positive 
skin tests with corn protein alone, but there was no evidence that the 
ingestion of corn caused trouble, and they both were relieved of 
symptoms by other treatment Two patients, aged 42, gave positive 
skin tests with only one of the wheat proteins, namely the albumin, 
leucosin, but with none of the other proteins of wheat One of these 
patients was relieved of asthma by vaccines and the other was not 
benefited at all , both had had asthma for twenty years The remain- 
ing patient was a young girl who had had asthma since infancy , she 
was sensitive to horse dandruff, wheat and egg This patient was 
relieved of asthma, but it is impossible to state what treatment relieved, 
since she omitted both wheat and egg from the diet, and at the same 
time was treated with horse dandruff protein It is not fair to con- 
demn the skin test in the two cases which were positive with only 
wheat leucosin or in the two positive to corn alone, since these four 
patients might perfectly well be sensitive to these proteins but never eat 
them in sufficient quantities or sufficiently often to cause trouble In 
the three patients, however, who gave positive skin tests with several 
of the cereals, it must be admitted that at the present time the cereals 
played little or no part in the cause of their asthma and in that respect 
the positive skin tests were misleading , still, they should be considered 
as danger signals and not disregarded This point is well illustrated 
by a patient who gave a positive skin test with corn and oats, but 
these proteins did not cause asthma at that time, and asthma was 
leheved by vaccines, later, however, asthma returned and resisted 
vaccine treatment The patient was at this time eating a great deal 
of oats and corn in “war bread,” and omission of these from the diet 
this time relieved the asthma 

Thirty-three patients (8 25 per cent of the total, or 17 per cent of 
the total sensitive patients) gave positive skin tests to food proteins 
other than the cereals Of this number, fifteen patients gave a positive 
skin test with egg, seven with potato, seven with fish, five with casein, 
two with chicken and two with beef Occasionally a patient would be 
found sensitive to strawberry, spinach, peach, etc , but as these pro- 
teins were not tested routinely, it is impossible to show the relative 
frequency of sensitization to them Since in these patients these foods 
proved to be a cause of asthma, however, it may be said that probably 
any food protein may cause asthma 

Since most of the patients m this group were sensitive to other 
food proteins as well as egg, potato, fish and casein, it is often hard to 
determine just what part these foods, which are not being eaten daily, 
do actually play m the cause of asthma Furthermore, the fact that 
many of these patients have eczema as well as asthma complicates the 
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interpretation of the positive skin test, but it does not detract from the 
value of the test 

Of the fifteen patients who were sensitive to egg protein, two were 
relieved of asthma by the omission of egg from the diet, three others 
had avoided eggs since early childhood because eggs were distasteful, 
tvo patients had eczema, three were treated with and relieved by 
horse dandruff protein m conjunction with the omission of eggs from 
the diet, and the remaining five patients were also sensitive to other 
foods as well as egg and the omission of all of these foods relieved 
asthma Therefore, it is impossible to say in just how many patients 
egg protein was the cause of asthma, but there is sufficient evidence to 
show that all of these patients were sensitn e to egg, as was shown by 
the positive skin tests 

Of the seven patients who gave a positive skm test with potato, 
three were relieved of asthma by the omission of potato from the diet, 
and two others who were also sensitive to other foods, were relieved 
by the omission of all Of these foods from the diet Of the five 
patients who were sensitive to casein, two were relieved by the 
omission of casein from the diet and one always had urticaria after 
the ingestion of milk There were two patients who gave positive 
skin tests with both potato and casein m whom neither of these proteins 
seemed to play a part in the cause of asthma These same two patients 
also gave positive skin tests with the cereals (see the foregoing), and 
with fish (see following), and in neither did these seem to be a cause 
of asthma Therefore, it seems fairer to conclude that these two 
patients had a hyperirntable skin rather than to condemn the skin test 

Of the seven patients who gave positive skin tests with fish protein, 
in four fish definitely caused asthma, in one fish caused urticaria and 
in the other two patients there was no evidence for a positive skin test 
with the exception that the patient’s skm was irritable (see the fore- 
going) The types of fish to which the patients were sensitive were 
lobster, salmon, mackerel, cod, oyster and haddock Of the two 
patients who were sensitive to beef, one definitely had asthma when 
beef was eaten and the other patient thought that she was worse when 
she ate beef Both of the patients who were sensitive to chicken meat, 
had asthma after eating chicken and only after eating it 

The relationship between the age of onset of asthma and sensitiza- 
tion to these food proteins shows that the younger the patient is when 
asthma begins the more liable is he to be sensitive to food proteins 
Nine of the fifteen patients who rvere sensitive to egg protein, had had 
asthma since infancy, two others since the age of 2, and two others 
since the age of 3 and 4, respectively Among the seven patients who 
were sensitive to potato, two had had asthma since 1 year of age, and 
one since 2 years of age Among the five patients who were sensitive 
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to casein, two had had asthma since 1 year of age and one since 2 years 
of age The remaining cases in this group began to have asthma 
during childhood, with the exception of the two patients who had an 
irritable skin, and these two were adults With the exception of 
bakers, the majority of those who were sensitive to the cereals began 
to have asthma in early childhood 

It IS noted that the treatment of those patients who were sensitized 
to food proteins differs from the treatment of those Avho were sensitive 
to animal hair proteins In the latter cases desensitization was readily 
accomplished by the subcutaneous injection of the proteins Those 
patients who were only slightly sensitive to the food proteins were 
satisfactorily desensitized by the subcutaneous method, but this treat- 
ment was not satisfactory in those patients who were very sensitive 
to the food pi oteins With two patients attempts at desensitization by 
feeding the protein in small, gradually increasing amounts were 
unsuccessful because the patients (in spite of the fact that they were 
chosen from a large group as the most apt to follow explicit directions) 
did not cooperate as they should Therefore, with the food proteins, 
treatment has consisted of omission of the offending food from the 
diet, and this has been very successful It is not, however, the easiest 
matter absolutely to lestrict the eating of the cereals and egg since 
they entei into the composition of practically all pastry and gravies, 
and for this reason the attention of the patient must be called to their 
extensive use Another source of error as regards the cereal flours is 
the contamination of one gram with occasional kernels of the other 
grains befoie they are ground into flours We have overcome this 
difficulty by having the patient purchase the whole grain, pick it over 
carefully in order to reject the few kernels which that patient should 
not eat, then the patient grinds the grain in his own coffee mill at 
home The purchase of so-called pure flours has not been satisfactory, 
as many times these flours have contained ingredients which we desired 
to avoid , this has been especially true of rye and nee flour Attention 
should be called to the fact that patients who are sensitive to corn, oat, 
lye and barley proteins were, before the war, eating these too infre- 
quently and too sparingly, as a rule, to cause trouble, but since the 
war began these flours are being eaten so extensively that they are 
fiequently the cause of symptoms in such cases The duration of 
fieedom from symptoms m these food cases depends on the length of 
time they are omitted from the diet As long as they are omitted, just 
so long will the patient remain free from symptoms It remains to 
be seen hou long total abstinence is necessary to effect desensitizations 
It would seem, however, that total abstinence will eventually effect 
desensitization. since all of those who ha\e studied infants and chil- 
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dren have found sensitization to egg protein in a high percentage of 
cases, vhereas in this senes of 400 cases, the majority of whom were 
young adults or older, there were only fifteen egg cases, or a per- 
centage of only 3 75 per cent It would seem plausible that many 
more of our patients probably, earlier in life, had been sensitive to 
egg and later on became desensitized , the history of distaste for cer- 
tain foods IS frequent and probably this is nature’s way of protecting 
against them 

CONCLUSIONS 

Of the forty-eight patients vho were sensitive to and treated vith 
horse dandruff proteins, 63 per cent were relieved of asthma, 10 per 
cent have had too little treatment to warrant a prognosis, and 20 per 
cent were reliev^ed by v^accines or by omitting foods to which they were 
sensitive, in the remaining 7 per cent of this group treatment was a 
failure 

Of the four patients who were sensitive to and treated with cat hair 
protein, three were relieved of asthma, and the other patient, who was 
equally sensitive to the horse dandruff proteins, was relieved by treat- 
ment with them 

Of the thirt}’- patients who were sensitiv^e to the cereal grains, 74 
per cent were relieved by the omission of these from the diet, and 
7 per cent were relieved by vaccines , of the 26 per cent who were not 
reliev ed by the omission of cereals from the diet, in 16 per cent there 
was no evidence that cereals played any part in the cause of asthma, 
but the presence of eczema may account for these positive skin tests 

Of the thirty-three patients who gave positive skin tests to other 
foods, 50 per cent were rehev'^ed by the omission of these from the 
diet, 30 per cent more were relieved of asthma, but as the latter were 
also sensitive to other proteins which were also omitted from the diet 
at the same time, it is difficult to give credit to any special protein 
The remaining 20 per cent were not reliev^ed of asthma, but the 
presence of eczema and urticaria and an acquired distaste for certain 
foods probably explains the idiosyncrasy 

Therefore, of the total number of 100 sensitive individual patients 
vv ho were treated as indicated by the positive skin tests, in 75 per cent 
there was relief from asthma, in 14 per cent , although there was no 
relief from asthma, there was a definite idiosyncrasy substantiating 
the positive skin test, but in 11 per cent the positive skin test had no 
apparent bearing on the patient’s condition, although in only half of 
these, or 5 per cent , was there evidence that the skin test gave a false 
result Since the 11 per cent includes 7 per cent who were reliev'^ed 
by vaccines, a total of 82 per cent of the sensitive patients vv^ere 
relieved from asthma 



THE INFLUENCE OF ACID PHOSPHATE ON THE 
ELIMINATION OF AMMONIA IN THE URINE ^ 


W McICIM l^IARRIOTT, 1^1 D, and JOHN HOWLAND, MD 

ST LOblS BALTIMORE 

In the course of nephritis sex ere acidosis may develop Although 
all the usual exidences of acidosis are present, there is no increase 
in the ammonia of the urine To this extent it differs from the acidosis 
resulting from the ingestion of strong mineral acids or from the 
overproduction of organic acids in the body such as ‘beta-oxybutyric 
and aceto-acetic acids Henderson and Palmer^ have pointed out 
that the titratable acidity of the urine m the acidosis of nephritis may 
be normal in amount though the total excretion of acid is loxx , due to 
“a nex er failing deficit m urinary ammonia ” These observations xvould 
indicate that the acid responsible for the disturbance of the acid base 
equilibrium in nephritis is distinctly different in character from those 
acids causing acidosis in othei conditions 

We have previously demonstrated- that an accumulation of inor- 
ganic phosphate occurs m the blood plasma of nephntics coincident 
xxitli the development of acidosis It is the failure of the kidney to 
excrete acid phosphate xvhicli, xve believe, results in the production 
' of acidosis 

Spiro, ^ Austin and Jones^ and others have shoxvn that acidosis 
may be caused by the administration of acid phosphate It has not 
been -shoxvn xvhy, in the presence of an undoubted acidosis, there is no 
increase in the urinary ammonia It has seemed logical, therefore, to 
gixe to normal people acid phosphate and hydrochloric acid m equi- 
molecular amounts to determine if there is a different influence on 
ammonia production brought about b}*- the ingestion of these txvo acids 

The subjects for the experiment xvere four normal men, laboratory 
xxorkers Each xx'^as on his usual diet during the course of the experi- 
ments The food intake xvas not controlled further than tlie avoidance 
of dietary excesses The total nitrogen excretion in the urine from 
day to day indicated that the protein intake xvas fairly constant The 

* Submitted for publication June 18, 1918 

*From the Department of Pediatncs, Johns Hopkins UnnersiU 
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urine was collected for twenty-four-hour periods ending at 7 a m , pi e- 
served with thymol and chloroform and kept at a low temperature 

The hydrogen-ion concentration of the urine was determined by 
the method of Henderson and Palmer titratable acidity by the method 
of Henderson and Adler,® ammonia by the microchemical method of 
Folin and McCallum ^ All the above determinations were made within 
a few houis after the twenty-four-hour samples were complete 
Total nitrogen was determined by the Kjeldahl method and phosphates 
by uranium titration 

The expel iment continued ovei twelve days There was a pre- 
liminary period of thiee days during which each person remained 
on his normal diet During the fourth day each subject drank 500 cc 
of decinormal hydrochloric acid The acid was all taken during the 
first twelve hours of the twenty-four-hour period Following this 
there was another “normal” day Then each subject took the equiv- 
alent of 500 c c of decinormal acid sodium phosphate (NaHo PO^) , 
that is to say, the amount of acid sodium phosphate taken was such 
that when in solution 500 c c of decinormal sodium hydroxid (NaOH) 
were required to bring the reaction to that of the body, that is, a 
hydrogen-ion concentration of 10'"^ The actual amount of acid 
sodium phosphate was 36 5 gm 

The following day 1,500 c c of decinormal acid sodium phosphate 
(109 5 gm ) were taken by each subject Two "normal” days fol- 
lowed and then each subject took a solution of sodium phosphate 
having a hydrogen-ion concentration of lO'"'' — that is the reaction of 
the body — and containing the same amount of phosphate (PO 4 ) as 
the 500 c c of decinormal acid phosphate The following day 1,500 c c 
of decinormal neutral phospate were taken A subsequent "normal” 
day completed the experiment 

The results obtained by urinary analysis appear in the accom- 
panying table 

Average values for some of the important factors are plotted 
graphically in the accompanying chart 

From the results it appears that hydrochloric acid administration 
increases distinctly the ammonia coefficient in the urine , the titratable 
acid increases in about the same proportion, so that the A/NH3® ratio 
remains essentially unchanged That this would occur has already 
been demonstrated many times by others The observation was 

5 Henderson and Palmer Jour Biol Chem , 1913, 13, 393 

6 Henderson and Adler Proc Soc Biol Chem, 1908, p 38 

7 Fohn and McCallum Jour Biol Chem, 1912, 11 , 523 

8 A represents the total titratable acid for twenty-four hours, and NHa the 
total urinary ammonia, each expressed in cubic centimeters of decinormal 
solution 
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Results of Urinalysis in Authors’ Experiments — (Conttnned) 
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repeated by us for the purpose of comparison with the effect of acid 
phosphate on the same individuals 

The administration of acid phosphate equivalent in titratable value 
to the hydrochloric acid, that is, 500 c c of decmormal solution, led to 
absolutely no increase in ammonia excretion and even three times 
this amount (1,500 c c of decmormal solution) also failed to increase 
the excretion of ammonia There was, however, a great increase in 
the titratable acid of the urine, so that the A/NHg ratio increased 
greatly, reaching a point corresponding to that observed by Henderson 
and Palmer® in severe nephritic acidosis This difference in behavior 
of the phosphoric and the hydrochloric acid may be due to a difference 
in strength Equimolecular quantities of the “weak” acid phosphate 

9 Jour Biol Chem , 1915, 21 , 37 
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and the “strong’’ hydrochloric acid should cause an equal inciease in 
the titratable acidity of the urine, whereas a “weak” acid added to 
blood would neutralize bicarbonate, but would not cause as great a 
change in reaction as would a “strong’ acid It is this difference that 
may account for the failure of the weak acid phosphate to call forth 
ammonia 

Since the administration of 500 c c of decmormal acid phosphate 
is essentially the same (except for inert sodium chlorid) as the 
administration of an equivalent amount of neutral phosphate to which 
500 c c of decinormal hydrochloric acid have been added, it would 



Chart showing average values of some important factors 


appear that the piesence of phosphate in the body actually inhibits the 
formation of ammonia, since hydrochloric acid alone led to a gieat 
increase If this were true the administration of neutral phosphate, 
that is, phosphate at exactly the reaction of the body, should decrease 
the ammonia excretion of the normal subject Our results show this 
to be the case Neutral phosphate which calls for no defense of the 
body against either acid or alkali leads to a decrease in the excretion 
of ammonia, as may be seen from the table and chart The A/NH, 
ratio becomes greater than that ordinarily seen in normal individuals 
In the presence in quantity of phosphates in the blood the addition 
of a strong acid would convert a portion of the phosphate into acid 
phosphate and this would have less effect on the hj’’drogen-ion con- 
centration, and for this reason would be expected to call forth the 
production of less ammonia than m ould the strong acid in the absence 
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of phosphate “bufter ” This may well be the explanation for the 
actual diminution of ammonia excretion which we have observed fol- 
lowing the ingestion of neutral phosphate 

We have previously demonstrated the retention of inorganic phos- 
phates in the blood of nephntics with acidosis and have expressed the 
opinion that the acidosis depends on the retention of acid phosphate 
The experiments reported in this paper show that the presence of acid 
phosphate in the body, even in the absence of renal disease, gives rise 
to the excretion of urine of a character such as has been previously 
observed exclusively in nephritic acidosis These results, in our 
opinion, give additional confirmation to the view that the acidosis 
occurring in the course of nephritis is due to the retention of acid 
phosphate 



BOTULISM.! 


A FURTHER REPORT OF CASES OCCURRING IN THE PACIFIC COAST STATES 

ERXEST C DICKSOX, 

SA.X FRANCISCO 

In a previous report^ it was shown that prior to September, 
1917, there had been tventy-two recorded outbreaks of botulism m 
the United States, in vhich eighty-one persons vere poisoned and 
fifty-fi\ e died In this collection of cases one important outbreak had 
been overlooked In January, 1912, Dr A R McCracken- of Seattle 
reported a series of six cases of poisoning by home-canned aspara- 
gus, in which three of the patients died In all, therefore, there have 
been at least twenty-three recorded outbreaks of botulism in this 
countT}’-, of which nineteen occurred in the Pacific Coast States The 
mortality of these recorded cases was 66 6 per cent 

In addition to the outbreaks in which human beings Avere affected 
there were also at least six instances in which domestic fowl were 
poisoned and showed sj^mptoms w'hich were identical with those pro- 
duced expenmentally by feeding wuth the toxin of Bacillus boiuhniis 

ETIOLOGIC FACTORS 

It is an important fact that, of the twenty-five instances of poison- 
ing of human beings or domestic fowl in which the source of the 
poisoning w as determined, seventeen w ere show n to have been caused 
by the ingestion of home-canned vegetables or fruits, and in three 
instances it was established that the poisoning was due to the toxin 
of B hofuhnus, by the reco\ery of B botulinus from portions of the 
discarded food 

Since September, 1917, there ha^ e been at least ten more outbreaks 
of botulism affecting human beings and four affecting domestic fowd 
or animals, and of these fourteen outbreaks, thirteen have been show n 
to be due to the ingestion of home-canned vegetables or fruits Seven 
of the outbreaks affecting human beings and all of those affecting 
domestic animals and fowl occurred in the Pacific Coast States, and 

* Submitted for publication Juh 18, 1918 

^ Fmm the Laborator\ oi Expenmental ^ledicine, Leland Stanford Tumor 
Unuersitj School of Ifedicine 

* Aided b\i a jirant from the California State Council of Defense. 

1 Dickson, E C Botulism The Danger of Poisomng from Vegetables 
Canned b.v the Cold-Pack }^rethod. Jour Am Med Assn 1917, 69, 956 

2 }^fcCracken, A R. Botulism, LeucocUe 1912, 19, 80 
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from remnants of the home-canned products which caused three of 
them, B botnhnus was recovered One of the remaining outbreaks 
occurred in Fallon, Nev , one in Decatur, Ind , and one in Newark, 
N J I have been informed that B botulmns was recovered from the 
discarded food in two of these It is probable that the complete report 
of these outbreaks will be recorded by the physicians who cared 
for the patients 

DANGER IN HOME CANNING OF PERISHABLE FOODS 

The increase m the number of outbreaks of botulism in this country 
bears a veiy interesting relationship to the marked increase in the 
practice of home-canning of perishable foods which has taken place 
during the past few years The home-canning of vegetables is a 
development of comparatively recent years, but on account of the 
increased cost of food products since the beginning of the war, and 
especially since the inauguration of the piogram for the conservation 
of foods during the past year, the amount of vegetables which are 
canned at home has been tremendously increased Coincidently with 
the increase in the amount of home-canning of vegetables as well as of 
fruits there has been a marked increase in the number of outbreaks of 
botulism in the United States, and it is extremely interesting that not 
only IS there an increase in the number of instances of poisoning of 
human beings, but there are also more frequent occurrences of poison- 
ing of domestic fowl and animals by feeding spoiled home-canned 
products (Table 1) 


TABLE 1 — Showing the Occurrence of Recorded Outbreaks of Botulism 
During the Past Nineteen Years, and the Importance of Home- 
Canned Products as the Cause of the Poisoning 




Number of 
Outbreaks 

Source of Poisoning 

Period 

Prom To 

Interval 

Home canned ] 

Food of 
Animal 
Origin 

Unlvnown 


Human 

Domes 

tic* 

Vegetable 

Fruit 

1899 - 1903 

5 years 

2 




2 


1904-1908 

5 years 

1 

Fowl 1 

1 


1 


1909 - 1913 

5 years 

10 


5t 

1 

3 

1 

1914 -Sept 1917 

3% years 

10 

Fowl 5 

10 

1 

1 

3 

Oct 1917 -Mar 1918 

% year 

10 

Fowl 3 
Hog 1 

10 

3 


1 


* The outbreaLs listed under “Domestic” were instances in which only fowl or animals 
were affected and do not include those in which human beings and fowl or animals were 
coincidently poisoned 

t One outbreak was caused by commercially canned vegetables 
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A REPORT OF OUTBREAKS IN WHICH HUMAN 
BEINGS WERE POISONED -■ 

Outbreak 8 (three cases) —On Sunday, Nov 25, 1917, Mrs E of Seattle, 
opened a jar of home-canned asparagus and cooked half of the contents 
None of the persons who ate the cooked asparagus suffered any ill effects 
On the following evening she "warmed up” the remainder of the asparagus 
from the jar, by placing it for a few minutes in warm but not boiling water 
Her husband stated that this asparagus did not taste very good, but he ate 
it all On Tuesday afternoon Mr E complained of disturbance of vision, 
was nauseated and vomited On Wednesday morning he was very weak, 
vomited again after taking food, and had severe diarrhea The diarrhea con- 
tinued during the day and following night, and during the night the patient 
complained of cramps m the legs There was no abdominal pain during this 
time, and no disturbance of sensation During Wednesday afternoon he 
began to have difficulty in talking On Thursday Mr E was unable to sit 
up because of weakness, and he complained that he could not hold up his 
head He was unable to speak intelligibly, and he complained of dryness m 
the mouth and pharynx During the afternoon he began to have difficulty m 
swallowing, and by evening “all the water returned through his nose ” He 
had much difficulty m clearing thick, tenacious mucus from the pharynx and 
had severe strangling spells when he attempted to swallow There was no 
disturbance of mentality, no pain except the cramps m the legs, and no fever 
He was found dead in bed early Friday morning, about two hours after he 
had succeeded m swallowing a small amount of milk 

On Thursday, November 29, another jar of the same lot of asparagus was 
opened and was served cold as salad at the Thanksgiving dinner Two persons 
partook of the salad and both developed symptoms of poisoning and died 
One patient was seen by Dr 0 F Lamson, who placed his records at my 
disposal The clinical course of Dr Lamson’s case was practically identical 
with that of the case which has been described, although there was much more 
severe strangling when the patient attempted to sivallow The temperature 
varied from 97 to 988 F, and the pulse from 92 to 128 per minute The 
patient died on the fourth day after eating the asparagus salad 

Through the courtesy of Dr Lamson and Coroner Tiffin of Seattle, I was 
permitted to do partial necropsy on the bodies of two of the victims, although 
a coroner's necropsy had been previously performed in each case, and both 
bodies had been embalmed There was moderate congestion of the meninges 
and of the abdominal and thoracic viscera in each case, and apparent broncho- 
pneumonia 111 one No macroscopic hemorrhages were seen On microscopic 
examination a few typical thrombi ivere found in each case, m one occurring 
in the larger meningeal arteries, and in the other, occurring in the lungs No 
disintegration of the Nissl granules was detected 

The remnants of the salad which had been served on Thanksgiving day 
were fed to the chickens, and all the chickens developed tjpical sj^ptoms of 
limber-neck, and died Bactenologic examination was made of the contents 
of the crops and giz7ards of ten of the chickens, and from six of them a 
virulent strain of B botuhmis was isolated This strain is labeled Strain 7 
of m\ series 

The asparagus was canned according to the directions published on page 19 
of the pamphlet issued bj' the Kerr Glass Manufacturing Company, with the 
exception that it was not parboiled or blanched before it was packed in the 


* In detailing the case histones onlj’- those facts are described which are 
essential for establishing the diagnosis For a more complete discussion of 
sj mptomatologi and pathologj refer to Dickson, E C Botulism A Clinical 
and Experimental Studj’ l^fonograph of the Rockefeller Institute for Medical 
Research, No S, 1918, m which Outbreaks 1 to 7 of m\ senes are described 
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jars The material was purchased in the city market, washed m cold water, 
packed into 1-pint and 1-quart Mason jars which had been boiled, and covered 
with cold water to completely fill the jars One-half teaspoonful of salt was 
added to each jar and the covers were loosely applied The jars were immersed 
to the neck in a wash-boiler which had a tightly fitted cover, and were allowed 
to remain for tkree hours after the water began to boil actively On removal 
from the boiler, the jars were tightly sealed and placed in a dark closet 

Outbreak 9 (one case) — On Wednesday, Dec 5, 1917, Miss B of Ontario, 
Ore, opened a jar of home-canned string beans and tasted the contents to 
determine whether they were good She decided that they were “not exactly 
light” and discarded them On the following day she complained of blurred 
and double vision and difficulty m articulation, and consulted Dr Rollo A 
Payne of Ontario, Ore, who sent me the records of the case 

When Dr Payne first saw the patient there was bilateral blepharoptosis, 
dilatation of the pupils and difficulty in articulation There had been no 
nausea or vomiting, no pain and no diarrhea On the following^ day the 
blepharoptosis was more marked, speech was unintelligible and the patient was 
very restless, being compelled to struggle for breath There was great dif- 
ficulty in swallowing Examination of the urine showed nothing abnormal, 
and the blood pressure was 142 min (systolic) Miss B became rapidly worse 
and died about fiftj-two hours after tasting the beans Dr Payne stated that 
the symptoms were those of a bulbar paralysis which “interfered more with 
the respiratory and throat muscles than with other groups ” Death was 
apparently from respiratory failure 

The discarded beans were thrown to the chickens, and thirty-nine of them 
died of limber-neck within two or three days after eating them 

It was not possible to learn the details of the method which was followed 
in canning the beans 

Outbreak 10 (two cases) — On Friday, Jan 11, 1918, Dr P M Savage of 
San Bernardino, Calif , was called to see Mrs J who gave the following history 

On Thursday afternoon she had noticed that she “saw double,” but was 
otherwise quite well On Friday morning she was very weak, and was scarcely 
able to walk, in fact, she had fallen three times while preparing breakfast 
Just before Dr Savage was called, the patient had staggered to a neighbor’s 
house for help, but collapsed before reaching the door When first seen she 
was seated m a chair, without apparent pain, and apparently without any 
disturbance of mentality She complained of weakness, double vision and 
photophobia There was bilateral blepharoptosis, dilatation of the pupils and 
loss of reflex to accommodation, though not to light Articulation was very 
deliberate and indistinct When the patient stood she became dizzy and there 
was incoordination of muscular movements The skeletal reflexes were intact 
and there was no appreciable disturbance of sensation The temperature was 
99 5 F and the pulse rate was 100 

On Saturday morning there was still photophobia and double vision, and 
the patient complained of great fatigue There was difficulty in swallowing 
and the patient had severe strangling spells when she attempted to swallow 
During the morning articulation was distinct, although husky, but by evening 
speech was unintelligible During the day she became rapidly worse, swallow- 
ing became more difficult and strangling spells more frequent There was 
much distress from the accumulation of thick, tenacious mucus in the pharynx 
There was persistent constipation, but urination was not disturbed The tem- 
perature varied from 97 8 to 99 5 F, and the pulse rate from 80 to 100 The 
patient died early Sunday morning 

Meantime on Thursday night. Miss H, a blind woman to whom Mrs J 
was companion, developed severe cramps in the abdomen with nausea, vomit- 
ing and diarrhea She became extremely nervous, almost hysterical, and on 
Friday was much fatigued During Friday night she had difficulty in swallow- 
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mg and by Saturday morning she strangled when she attempted to sn\ allow 
She coughed a great deal, but was unable to raise the thick, tenacious mucus 
from the pharynx Articulation became difficult and -speech ^\as indistinct 
There was persistent constipation after the initial diarrhea, and, except for 
the initial cramps, there was no pain On account of the blindness no dis- 
turbance of -vision was noted The patient died Sunday night 

Necropsy was not obtained in either case There was a history' of both 
persons having eaten home-canned apricots which did not taste just right, 
but unfortunately the remnants of the apricots had been discarded There was 
no record of the method used m canning the apricots or of the exact time 
at which the apricots were eaten 

OuTBRnAic 11 (eight cases) — On Sunday, Jan 27, 1918, a party consisting 
of nine persons, five adults and four children, had supper together near Madera, 
Calif The supper consisted of fresh pork, brown beans, bread, butter, milk 
and home-canned apricots It was noted that the apricots had a peculiar taste, 
but eight of the party ate some of them The only member of the party who 
escaped illness was the one who did not cat any of the apricots 

On Tuesday morning, January 29, three of tlie children, aged ZVs, 5 and 
14 years, respectively, complained of seeing double, and three of the adults 
complained of dizziness The three adults also developed diplopia during 
the day The fourth adult first .showed symptoms of illness Tuesday night, and 
the smallest child, aged 13 months, became ill Wednesday evening One of 
the children died Wednesday morning, January 30, two Wednesday evening and 
one Friday morning Two of the adults died during the night of Thursday 
and the remaining two have apparently recovered after a prolonged illness 

Drs D H Ransom and St J Hely of Madera were called to care for 
the patients and it is to them that I am indebted for permission to study 
the cases, to perform necropsy in one case and to obtain various materials 
for bacteriologic examination 

The symptoms of all the patients were practically identical except in 
degree of severity In all there were dizziness, weakness and incoordination 
of muscular movement, early disturbance of vision with blepharoptosis, mydriasis 
and diplopia, difficulty in swallowing and talking and strangling spells induced 
by attempts to raise thick mucus from the pharynx or to swallow In one 
case, one of the patients who recovered, there was initial diarrhea and vomiting 
which occurred from twelve to fifteen hours before the onset of the eye 
symptoms, but m none of the other cases were there acute gastro-intestmal 
manifestations In all the cases there was persistent constipation The follow- 
ing case reports are very typical 

THREE CASE REPORTS IN DETAIL 

Case 1- — Hisloty — F M, aged about 60, had supper with the rest of the 
family on Sunday evening and ate some of the apricots He worked all 
daj Monday, although he “felt a little out of sorts,” and slept well Monday 
night On Tuesday morning he was very dizzy, and, later m the day, began 
to see double There was free movement of the bowels after magnesium 
sulphate He again slept well Tuesday night but on Wednesday morning 
uas very weak and uncertain in his mo^ements, although he remained up 
all daj He still complained of double vision and “blurring” On Thursday 
morning he was so weak that he w'as unable to dress There was some 
vertigo For the first time the patient complained of drjness of the mouth 
and pharj nx, and during the day he began to have difficulty in sw allowung 
and talking Toward evening there w’as much difficulty in clearing thick 
mucus from the pharynx, and the patient began to have se\ere strangling 
spells when he attempted to swallow' He was very restless Thursday night 
and slept little, although there was no pain On Friday morning he complained 
of being ^cry hungry but said he was afraid to try to swallow He complained 
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of being very weak, but was able to move himself in bed with little difficulty 
There had been no bowel movement for three days 

Bedside Notes — Physical examination was made by me on Friday about 
10 a m The patient was lying comfortably in bed, apparently without pain 
The temperature was 964 F, the pulse rate 72, and the rate of respiration 16 
Respiration was not labored Articulation was very much impaired, it was 
almost impossible to understand what was said, and the patient became quite 
irritable and stubborn when asked to repeat He was able to raise himself m 
bed without difficulty and there was no apparent weakness of the muscles of 
the neck 

There was bilateral blepharoptosis, the pupils were dilated and reacted 
sluggishly to light, and the patient complained of photophobia and diplopia 
There was no nystagmus The mucous membrane of the mouth and pharynx 
was very dry and the tongue was swollen, heavily coated and fissured The 
breath was very offensive 

Examination of the chest revealed nothing abnormal in the lungs The 
area of cardiac dulness was slightly increased but the heart sounds were clear 
and the heart rate was not rapid The blood pressure was 140 mm systolic 
and 90 mm diastolic (Tycos) The abdomen was relaxed and soft, there were 
no areas of tenderness, and no abnormal masses were felt The skin was 
everywhere dry and somewhat atrophic 

Sensation was apparently unimpaired, mentality was clear, and the knee- 
jerks, plantar reflexes and biceps reflexes were normal 

Laboiatory Examination — The red blood corpuscles numbered 5,300,000 and 
the leukocytes 16,000, of which 88 per cent were polymorphonuclear neutrophils, 
9 per cent were lymphocytes, 2 per cent were mononuclears and 1 per cent 
eosinophils 

The urine contained neither albumin nor casts, and microscopic examina- 
tion of the sediment showed no casts, red blood cells, or other abnormal 
constituents 

Treatment — On Friday afternoon feeding and administration of magnesium 
sulphate by stomach tube was commenced, and was continued until the patient 
was again able to swallow Between Friday at midnight and Monday noon 
about 85 c c of immune goat serum were administered subcutaneously (One 
c c of the serum was sufficient to neutralize approximately 3,000 minimum 
lethal doses of botulism toxin for a guinea-pig ) Supporting treatment was 
given throughout and a digitalis preparation and whisky were given when 
indicated The necessary fluid was given by Afurphy drip when the patient 
was unable to swallow 

Clinical Course — For several days the patient appeared to be very ill, was 
unable to swallow, talk or control muscular movements, and was very weak 
He was very restless and slept little He was frequently irritable, but was 
always mentally clear The temperature varied from 97 6 to 101 F (by rectum) 
and the pulse rate was usually between 85 to 95 per minute 

By February 6 there began to be some signs of improvement The patient 
was not so restless, he slept better, and at times was able to swallow small 
amounts of fluids On February 10 he looked very much better and was able 
to talk more intelligibly He stated that there had never been any pain except 
at the site of inoculation The pupils were still dilated and still reacted 
sluggishly to light, but there was no diplopia Bilateral ptosis persisted The 
tongue was coated and very dry and fissured, but there was no longer an 
accumulation of mucus in the pharynx Muscular coordination was improved, 
and the skeletal reflexes were normal 

Results — On March 10, six weeks after the patient had eaten the apricots, 
he was able to be up, to walk without staggering and “to swallow fairly well ” 
There was no ptosis, no dilatation of the pupils and no disturbance of vision 
The voice was still husky, especially after a prolonged conversation, but articu- 
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lation -was distinct The patient became dizzj if he attempted to move quicklj, 
but stated that he was rapidlj’’ growing stronger and more sure of himself 
There was no evidence of any persisting parahsis 

Case 2 — History — C !M , aged 24, ate nothing but apricots, bread and butter 
for supper Sundav ev'ening He felt perfectlj well on Mondav, but on 
Tucsdav afternoon he vomited and had diarrhea On Wednesday he began 
to hav'e double vision and dizziness, and he complained that when he tried to 
walk he staggered as if he were drunk He was v'erv restless and did not 
sleep well Wednesdav night On Thursday he was unable to leav'e his bed, 
and, although he was very hungrv, he was unable to swallow any food It 
was noted that enunciation was very difficult and indistinct 

Exaimnatioii — ^\Vhen seen by me on Fridav, there was bilateral ptosis and 
some photophobia but the pupils were not dilated, and the> reacted fairly 
actively to light stimulation The skin was drv, the tongue heavily coated 
and the mucous membrane of the mouth and pharvnx parched There was 
no congestion of the pharynx There were no signs of impairment in the 
lungs and the heart was apparently normal There was nothing abnormal in 
the skeletal reflexes 

There was no demonstrable disturbance of peripheral sensation, and the 
patient was apparently quite clear mentally', although he became irntable when 
he could not make himself understood Speech at this time was almost unin- 
telligible 

The blood pressure was 135 mm systolic and 90 mm diastolic (Tycos), 
and the unne showed no albumin or casts The red blood corpuscles num- 
bered 5,600,000 and the leukocytes 19,000, of which 80 per cent were poly- 
morphonuclear neutrophils, 18 per cent were lymphocytes and 2 per cent were 
eosinophils 

Clinical Course — At first it appeared as if the patient was much less severely 
poisoned than his father, but gradually he became much worse, due chiefly 
to the fact that he had a great deal of cough and many severe strangling 
spells The temperature was as high as 101 F on two occasions but usually was 
subnormal The pulse rate was alway's above 80 and ranged between 90 and 
115 for several days On one occasion it reached 140 per minute 

Treatment — ^This was the same as m Case 1 The same amount of anti- 
toxin was administered, food and laxatives were given by stomach tube and 
fluid was given by the Murphy drip method A digitalis preparation was 
given as indicated 

Results — Recovery in this case was very slow On March 10, six weeks 
after the poisoning, the patient was still confined to bed and still was forced 
to take his food through a stomach tube He had become greatly emaciated 
and was very weak, but muscular coordination was improved and there was 
no ptosis or diplopia The skeletal reflexes were normal There had been 
infection at the site of inoculation of serum and small pockets of pus were 
still present, although bacteriologic examination failed to show any pyogenic 
bactena 

CvsE 3 — Histoiy — B M, aged 13 months, ate very little of the fruit and 
did not show' any symptoms of poisoning until Wednesday evening At that 
time It was noted that there was bilateral blepharoptosis, mydriasis with 
little reaction to light, and apparent photophobia There had not been anv 
acute gastro-intestinal disturbance and the child did not appear to be in pain 
The temperature was normal and the pulse rate 120 

E^'aminaiion ^Vhen seen by me on Friday, about two hours before he 
died, the child was apparently conscious but very apathetic There was marked 
ptosis, the pupils were widely dilated and did not react to light and the skin 
was vep d’^ The heart sounds were normal and no dulness or rales v ere 
detected in tlic lungs The skeletal reflexes were normal but the muscles were 
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all relaxed The temperature was 992 F (rectal) and the pulse rate 160 
Death occurred from respiratory failure 

Necropsy Report — Necropsy was done by me about four hours after death, 
and before the body had been embalmed There was marked engorgement 
of the vessels of the pia mater and there were a few small hemorrhages 
on the surface of the pons, in the space between the cerebrum and cerebellum 
There was no increase in the amount of fluid in the ventricles and the cerebral 
convolutions were not flattened There was no general engorgement of the 
abdominal and thoracic viscera but there was beginning bronchopneumonia in 
the bases of both lungs The spleen was not enlarged or soft 

Microscopic examination of the tissues showed no degeneration of the 
ganglion cells of the brain and cord and no thrombi in the blood vessels of 
the central nervous system There were well marked patches of broncho- 
pneumonia and many masses of cellular thrombus in the larger blood vessels 
of the lungs Many of the smaller vessels contained hyaline masses in which 
were clumps of leukocytes 

Poisoning of the Domestic Fowls — On Wednesday, April 29, the portion 
of the apricots which remained in the jar was thrown to the chickens On 
Thursday several chickens showed symptoms of limber-neck and some of 
them died, and by Friday afternoon over twenty-five chickens and one turkey 
had died A wild canary with similar symptoms was found lying under a 
tree and it died a few hours later 

Identification of B Botuhnus — Bacteriologic examination of the contents 
of the gizzard of one of the chickens revealed the presence of a strain of 
B botuhnus which produces a virulent toxin when grown in suitable culture 
mediums This strain, which we have labeled Strain 9, was shown to produce 
a toxin which is homologous with Toxins 3, 4, and 7 of my series 

Methods Employed in Canning — ^We were unable to learn the method by 
which the apricots had been canned, but it is known that the fruit was 
unsalable, wind-fall frUit, and that Mrs M had marked the jars for early 
use as she feared the fruit would spoil It was noted by some of those who 
ate the apricots that there was a peculiar sharp taste, but no unusual odor 
was detected 

Outbreak 12 (one case) — On Friday, Feb 22, 1918, Mrs H of Oakdale, 
Calif , tasted a small portion of a bean pod from a jar of home-canned string 
beans which she had just opened The beans had a peculiar irritating taste 
but she swallowed a small amount When she placed the beans on the stove 
to cook there was an extremely disagreeable odor and she discarded them 
On Saturday morning, February 23, Mrs H was dizzy when she first got 
out of bed and she staggered when she walked She noted that vision in the 
left eye was blurred By afternoon vision was blurred in both eyes and the 
staggering was much worse The patient became alarmed and consulted Dr 
J B Thompson of Oakdale, to whom I am indebted for the following report 
When first seen by Dr Thompson, Mrs H was almost hysterical but had 
no complaint other than that which has been detailed She said that there 
had been no pain and no gastro-intestinal disturbance, and that she had not 
even been nauseated 

Examination showed complete dilatation of both pupils, which reacted 
very sluggishly to light, and a pulse rate of about 100 per minute The tem- 
perature was normal The patient was very weak and muscular movements 
were not coordinated, but nothing else abnormal was found Dr Thompson 
stated that he was strongly suspicious of belladonna poisoning, as at that 
time the patient denied having eaten any spoiled food 

After midnight, Saturday, Mrs H complained that her tongue was swollen, 
and she began to have difficulty in talking On Sunday morning there was 
bilateral ptosis and later in the forenoon she began to have difficulty in swal- 
lowing Speech rapidly became unintelligible About noon on Sunday she 



BOTULISM 


491 


began to vomit and the vomiting continued for the greater part of the afternoon 
There were three formed stools during Svmdaj forenoon and several involun- 
tary liquid stools during the afternoon All the stools were extremely offensive 
There were no bowel movements during the last thirtj-six hours of life 
Toward evening on Sunday the patient began to have spells of sti angling 
when she attempted to swallow, and she complained bitterly of the accumula- 
tion of mucus in the pharynx, which she was unable to raise Urination was 
not disturbed except that the patient voided involuntarily during strangling spells 
The temperature varied from normal to 102 6 (rectal) just befoie death, 
respiration remained about 24 and the pulse varied from 98 to 120 per minute 
The patient was \ery restless and did not sleep during Sunday night or 
Monday There was no disturbance of mentality and the skeletal reflexes 
were intact There was no disturbance of sensation except a sense of numb- 
ness in the hands She became rapidly weaker and the pulse increased m 
rapidity At first there was satisfactory response to stimulation but later there 
was no appreciable effect The patient died eaily Tuesday morning, about 
eight> -eight hours after tasting the beans 

To remove the mucus from the pharynx, Dr Thompson made use of an 
aspiration bottle to which a soft rubber catheter was attached He stated that 
this appeared to give much greater relief and to cause much less irritation than 
swabbing 

The beans which caused the poisoning were grown in Oakdale and were 
picked but a few hours before they were canned They were washed, strung, 
broken into small pieces and boiled m an open kettle for twenty minutes They 
were then packed into new, freshly-boiled, 1-pint economy jars, 1 tablespoonful 
of salt was added to each jar and the jars were covered, immersed into boiling 
water, which covered them, and boiled actively for three hours Twelve jars 
of beans were canned and two of them spoiled The contents of nine of the 
others were eaten after they had been cooked, and appeared to be good, but 
there is no record as to whether any one had eaten or tasted any of the beans 
before they were cooked One jar was taken to the laboratory for bactcrio- 
logic examination, but no evidence of B boiuhnus was found 

A portion of the beans from the contaminated jar was gathered from the 
garden where they had been thrown and had lam in the ram for several days 
Bactcnologic examination showed no evidence of B boiuhnus 

Outbreak 13 (one case) — On Sunday, Feb 17, 1918, Mrs K of Los Angeles, 
opened a jar of string beans which she had canned during the past summer 
She tasted four of the beans and noted that they had a peculiar taste which 
she at first attributed to the presence of some lemon juice ^\hlch had been 
added to the beans when they were canned She eventually decided that they 
were not good, and discarded them 

On Monday morning Mrs K ‘Vas distressed” and took a small dose of 
Epsom salts Tow^ard evening she vomited, and then took a large dose of 
Epsom salts, after Avhich the bow'els moved several times On Tuesday she 
W'as wmrse, and consulted Dr Thomas C Mjers of Los Angeles w'ho sent 
me the record of the case 

When Dr Mjers first saw Mrs K she w'as extremely ner%ous and com- 
plained of double vision and of “swelling in the throat,” drjness of the mouth 
and difficult} in talking and sw'allownng There was marked muscular weak- 
ness and bilateral ptosis but the pupils were not dilated The temperature was 
subnormal and the pulse w'as rapid The patient died earlj Wednesday morn- 
ing, about sixtj hours after she had tasted the beans 

A portion of the discarded beans A\as rcco^ered from the garbage can, 
several da\s after thej had been discarded, but bactcnologic examination 
failed to show' the presence of B boiuhnus 

The beans were canned bj !Mrs K during the past summer The exact 
method of canning could not be obtained, but it was known that the beans 
were washed, broken and packed into 1-quart, self-sealing ^vlason jari?, and 
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that 1 teaspoonful of salt and "a small amount” of lemon juice were added to 
each jar The jars ^\ere filled with cold water and the covers placed in 
position, after which thej were placed in a wash-boilpr and “steamed for three 
hours” It was impossible to find out whether the jars had been immersed 
in boiling water or whether they w'cre merely steamed, nor could we learn 
whether the three hours was estimated from the time the jars were placed 
in the w^ash-boiler or from the time the water commenced to boil 

Outbreak 14 (one case) — On Sunday, March 10, 1918, Mr A Y of Colton, 
Calif , ate home-canned pears which had a peculiar taste On Monday after- 
noon he complained of a sensation of swelling of the tongue, and of vomiting 
In the evening he consulted Dr J S Champion of Colton, who sent me the 
record of the case 

Mr Y complained of indistinctness of Msion, diplopia and vertigo and 
stated that he was unable to walk straight There was some difficulty m 
swallowing and in talking, articulation being so indistinct that it was difficult 
to understand w'hat w'as said There was ptosis of the left eyelid 

There was moderately severe constipation although the bowels moved freelj 
after the administration of Epsom salt Diplopia and vertigo persisted for 
over three weeks, but after a few days the patient was able to swallow liquids, 
although it was impossible to swallow solids At first there was some annov- 
ance from an accumulation of thick mucus in the pharynx but this did not 
persist The temperature ranged between 97 6 and 99 6 F , and the pulse betw een 
60 and 112 It is interesting that the pulse rate gradually increased from 60, 
the rate when the patient was first seen, to 112 on the third day 

Mentality was clear throughout, but this case is of interest in that there 
was a persistent numbness of the left side of the body At the end of three 
weeks the patient was much improved, although there were still some e>e 
sjmptoms and marked weakness 

It was not possible to determine beyond a possibility of doubt that the 
pears were the cause of the poisoning since it is not known whether other per- 
sons partook of the same pears without suffering ill effects Neither was it 
possible to learn the method which was adopted in canning the pears, but 
there was no record of the patient having eaten any other food which gave 
anj indication of being spoiled 

B REPORT or INSTANCES IN WHICH DOMESTIC FOWL AND 
ANIMALS WERE POISONED BY FEEDING SPOILED, 
HOME-CANNED VEGETABLES 

In our investigation of outbreaks of food poisoning caused by 
home-canned products we have obtained recotds of at least ten out- 
breaks of poisoning of domestic animals and fowl caused by feeding 
spoiled, home-canned vegetables These are in addition to ten other 
instances in which the poisoning of the animals and fowl occurred 
coincidently with outbreaks of poisoning of human beings, the animals 
and fowl having been poisoned by feeding them remnants of the food 
which had caused the poisoning of the human victims, and to several 
other instances m which it was believed that the poisoning was due to 
feeding spoiled home-canned products, although we were unable to 
obtain sufficiently accurate details to justify making a definite con- 
clusion that such was the case Six of these ten outbreaks were caused 
by feeding spoiled home-canned string beans, three by feeding spoiled 
home-canned corn and one by feeding spoiled home-canned green peas 
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CAUSE or THE POISONING CONFIRMED 

The reasons for assuming that these outbreaks of poisoning of 
domestic animals and fowl were dependent on the presence of the toxin 
of B botuhnus in the spoiled home-canned products are the following 
(1) The symptoms were identical with those Avhich occurred in animals 
and fowl which had been poisoned by food which had caused typical 
botuhnus intoxication of human beings, and in which B botuhnus was 
recovered from remnants of the discarded food , (2) it has been shown 
that symptoms identical with those which were observed in these 
animals and fowl may be produced experimentally by feeding the toxin 
of B botuhnus to domestic animals and fowl/ and (3) m one instance 
recorded in the following (Outbreak 1) we were able to demonstrate 
the presence of botuhnus toxin in remnants of the mash which was fed 
to the chickens and to recover B botuhnus from the crops and 
gizzards of two of the chickens which died as well as from thiee out 
of SIX jars of the same lot of string beans which remained in the 
vegetable closet 

Four instances of poisoning of domestic animals and fowl are 
detailed because of the fact that the methods by which the vegetables 
were canned have been ascertained 

CASES OF POISONING IN DOMESTIC ANIMALS 

OuTBULAK 1 — On Feb 12, 1918, Mrs M of Berkeley, Calif, opened a 
jar of home-canned string beans and noted that they had an unpleasant odor, 
“something like cheese ” She mixed the beans with a mash which she was 
preparing and fed them to the chickens Eleven of her twelve chickens devel- 
oped typical symptoms of limber-neck and died 

Six jars of beans which remained in the vegetable closet and the carcasses 
of several of the chickens as well as a portion of the mash which remained 
o\er, were taken to the laboratory for examination From the crops and 
gizzards of two of the chickens and from three of the jars of beans a 
virulent strain of B botuhnus was recovered, and in the mash it was found 
that there was still a virulent toxin present The toxicity of the beans in 
the jars was comparatively high, 0001 cc of the filtered bean juice being 
sufficient to kill a 250 gm guinea-pig within twenty-four hours This toxin 
was shown to be homologous with that of Strain 6 of my senes, thereby 
differing from all other strains which have been isolated on the Pacific Coast 

The beans were grown by Airs M in her own garden and were picked but 
a few hours before they were canned They were washed, broken into small 
pieces and packed into 1-quart Alason jars The beans were covered with 
cold water and were sterilized by leaving the jars immersed m boiling water 
111 a wash-boiler for two and one-half hours on each of three consecutive davs 
Afrs Af does not remember whether the jars were sealed during the intervals 

3 Dickson, E C Botulism A Cause of Limber-Xeck in Chickens, Jour 
Am Vet Aled Assn, 1917, 50 (New' Series III), 612 Buckley and Shippcn 
Preliminarj Report on the Relation of Anaerobic Organisms to Forage Poison- 
Am Vet Med Assn, 1917, 50 (New Series III), 612 Bucklej and Shippen 
Preliminary Report on the Relation of Anaerobic Organisms to Forage Poison- 
ing, ibid, 1917, 50 (Xew Series III), 809 Graham Bruckner and Pontiu' 
Studies in Forage Poisoning V and VI, Kentuckv Agricult E'per Sta , Bull 
207, 1917 ' 
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between sterilizations, as she had been told that it made no difference whether 
they were sealed or left open 

Outbreak 2 — On Feb 15, 1918, Mrs L, near Hollister, Calif, noticed 
that one of her hogs was dragging its hind legs and that it could not eat 
On the following day the hog was down and could not get up When dis- 
turbed It tried to squeal but was unable to do so It remained in the same 
position for several days and it was noted that there had been no evacuation 
of the bowels during that time 

About three days later another hog became affected in the same way and 
Mrs L called in Dr C S Brooks of Hollister, the county veterinarian It 
was through the courtesy of Dr Brooks that I was permitted to see these 
animals 

The symptoms of both hogs were the same, they first dragged their hind 
legs, eventually went down and could not rise, were unable to eat although 
they tried to do so, were unable to squeal and were constipated The pupils 
were dilated and did not react to light, the temperature was normal and heart 
beat rapid Both animals were given Epsom salt with good results Both 
remained in the same condition for about one week and then gradually recovered 
Within two weeks they were able to move around, to squeal and to eat 

It was learned that the hogs had been fed the contents of a jar of home- 
canned green peas which had spoiled and which had a very offensive odor 
None of the peas were fed to chickens or to other animals 

The peas had been grown by Mrs L and had been placed in 1-quart Mason 
jars and sterilized bj' immersing the jars into boiling water in a wash-boiler 
for three hours All Mrs L’s vegetables had been canned by the same 
method and there had been a considerable amount of spoilage 

There may be some doubt as to whether the illness of the hogs was reallj 
due to poisoning with botuhnus toxin as hogs are supposed to be immune 
to botuhnus intoxication However, the symptoms were identical with those 
which we have produced experimentally by subcutaneous injections of the toxins 
of our Strains 3 and 4 of B botuUnuSj and a virulent strain of B botuhnus 
was recovered from a jar of spoiled string beans which was canned in the 
same way and which remained in Mrs L ’s cellar 

Outbreak 3 — During the summer of 1917, Mr H of San Jacinto, Calif, 
canned several jars of corn by the fractional method of sterilization, in which 
he closely followed the instructions given in U S Department of Agriculture 
Farmers’ Bulletin No 359 About one month later he noticed that some of 
the corn was spoiling and that there was gas formation He discarded the 
whole lot and fed it to the chickens Within from twelve to twenty- four 
hours a number of his chickens developed typical symptoms of limber-neck, 
and within two or three days fifty-eight out of sixty-six died Mr H stated 
that he had no way of knowing whether the eight survivors had eaten any 
of the corn 

It was not possible to obtain material for bacteriologic examination 
Outbreak 4 — In January, 1918, Mrs L of Raymond, Calif, threw out five 
jars of home-canned food which had spoiled, three 1-quart jars of peas, one 
1-quart jar of string beans and one 1-pint jar of beef The contents of all 
the jars had an offensive odor and were not eaten or tasted by human beings 
Within a few hours after eating the discarded food, eighty-one chickens 
developed typical symptoms of limber-neck and seventy-two of them died m 
from one to three days Mrs L stated that the survivors had each been given 
a tablespoonful of castor oil 

The food was canned by Mrs L who stated that very little of her canned 
goods had spoiled The material was packed in 1-quart Mason jars which 
had been boiled, and was cooked and sterilized by immersing the jars into 
boiling water in a wash-boiler for three hours’” 


* This outbreak is not included in the series of ten recorded as being due 
to home-canned vegetables, as there is a possibility that the meat was at fault 
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COMMENT 

A Study of these cases as well as of those described in my pre- 
vious report^ fully justifies the conclusion that the use of home- 
canned food IS not wholly unattended with danger In the instances 
which have been cited, various methods of canning were adopted and 
were followed as carefully as it is possible to have untrained persons 
conduct technical procedures The fact that m several instances the 
greatei part of the home-canned material remained in good condition 
simply proves that though the methods are efficient in preventing ordi- 
nary spoilage, they are inefficient if the raw material happens to be 
contaminated with spoies of B boUihnns It has been stated that it 
IS essential that only freshly picked raw mateiial should be used for 
canning and that it should be blanched before it is placed in the jars, 
but Outbreak 12 shows clearly that three hours’ sterilization in the 
washboiler is not sufficient to kill spores of B botnhnus in vegetables 
which had been freshly picked and had been boiled for twenty minutes 
in an open kettle before being packed into 1-pint jars, a procedure 
which should be at least as efficient as simple blanching 

These cases also illustrate the fact that it is unsafe to eat or even 
taste home-canned products before they have been boiled In six 
outbreaks of botulism the victims were poisoned by simply tasting 
home-canned goods to determine whether they had spoiled, and in 
several others the poisoning was caused by the ingestion of salads 
prepared from uncooked, home-canned vegetables It is well known 
that the toxin of B botithmis is quickly destroyed by heat and Out- 
break 8 IS an illustration of this fact, since those who ate the cooked 
asparagus on Sunday night remained in perfect health, whereas the 
man who ate the remainder of the asparagus from the jar, uncooked, 
on Monday night, developed the typical symptoms of botulinus 
intoxication 

It is not the object of this report to discourage the home-canning 
of fruits and vegetables or to interfere in any way with the active 
campaign for the conservation of perishable foods It is of the utmost 
importance, however, that those who are directing the home-canning 
industry should recognize that the present methods of home-canning 
are not entirely safe, especially in the hands of untrained workers If 
they will but admit this fact and will instruct the public that there is 
possible danger of poisoning from home-canned products, and that the 
danger may be averted if all home-canned food is boiled before it is 
eaten or even tasted, outbreaks of botulism from home-canned products 
will entirely cease 

Sacramento and Webster Streets 
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THE NATURE AND INTERPRETATION OF THE 
COLLOIDAL GOLD REACTION-" 

KARL M VOGEL, MD 

XtW \0.{K 

Owing to the complexity of structure and function of the central 
nervous system its disorders manifest themselves in clinical pictures 
of the utmost variety Furthermore, in the case of one large group 
of these affections, the syphilitic and parasyphilitic diseases, it is 
highly desirable to recogni 2 e their nature as early as possible in order 
that the necessary treatment may be begun and the progress of the 
malady be arrested before destructive lesions have supervened The 
difficulties of diagnosis are consequently often very great and all 
suitable methods of investigation yielding objective results are there- 
fore likely to be of much assistance, particularly if the)'^ aid not only 
m diagnosis, but also in observing the effects of treatment Among 
such procedures are the various methods of examining the cerebro- 
spinal fluid, such as determining the pressure under which it is held 
in the spinal canal, counting its cells, testing its globulin content, and 
carrying out the Wassermann reaction To this list the experience 
of the last few years has added another, the colloidal gold reaction, and 
the observations so far reported indicate that it has a definite value in 
supplementing the information to be derived from the older sources 
It is the intention here to present the results obtained in examining 
over two hundred cases from a general hospital service in which the 
colloidal gold reaction of the spinal fluid was tested over 400 times, 
and to compare these results with those of the other tests 

In order to understand the mode of action of the test it is necessary 
to step aside for a moment into the domain of the physical chemist, 
for the colloidal gold reaction is quite different in its principle from 
the ordinary test tube experiment and involves physical laws not 
usually called into action in the clinical laboratory 

When Thomas Graham,^ in 1861, published his observations on 
colloids and crystalloids, he apparently regarded them as belonging to 
wholly different classes, for he said that “They appear like different 
worlds of matter,” two fundamental distinctions being that colloids 

* Submitted for publication June 19, 1918 

* From the Department of Medicine, Columbia Uni\ersity, and St Luke’s 
Hospital 

* Read before the Annual Aleeting of the Association of the Alumni of the 
College of Phjsicians and Surgeons, Columbia Unuersity, Jan 28, 1918 

1 Phil Tr, Roj Soc, London, 1861, 151, 183 
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do not crystallize, and are unable to pass through the parchment papei 
septum of a dialysing apparatus Recent observations indicate, how- 
ever, that the distinction is one of condition rather than of kind, for 
under appropriate circumstances many, if not most, substances, can 
be made to assume either form^ and it is therefore preferable to speak 
simply of the colloidal state, rather than of colloids as a class In a 
colloical solution or heterogeneous system, as it is called, in distinction 
to the solution of a crystalloid, or homogeneous system two com- 
ponents or phases are recognized, the internal or dispersed phase, and 
the external or continuous phase Such systems may be composed of 
solids, liquids, or gases in various combinations For example, in fog 
a liquid is the internal phase and a gas the external phase, while in 
the foam on a glass of beer, the conditions are reversed In the smoke 
of a cigaret a solid is dispersed in a gas, m currant jelly a liquid is 
dispersed in a solid, in a piece of ruby glass copper is dispersed in 
another solid, and finally, in the gold reagent under discussion a solid 
forms the internal phase and a liquid the external phase 

Evidently it is not only jellies or substances of a gluey or colloidal 
nature in Graham’s sense that can assume the colloidal state Solids 
also, that ordinarily are regarded as entirely insoluble, may be brought 
into a state of such minute subdivision that their particles remain 
suspended indefinitely in a fluid medium without settling out, and are 
then termed suspensoids They have reached ultramicroscopic dimen- 
sions, and approach the molecule in size , that is, they are less in 
diameter than the wave lengths of the visible spectrum which he 
between 700 and 400 microns An object smaller than half the wave 
length of the light by which it is illuminated cannot be seen m its true 
form, for the light is not reflected from its surface, any more than a 
wave can be reflected from a pebble on the beach, and consequently a 
colloidal solution appears homogeneous on inspection and the particles 
of the suspensoid remain invisible, even with the highest magnification 
When viewed with the ultramicroscope, however, in which intense 
lateral illumination is employed, the true nature of the system is 
revealed, for under these conditions even ultramicroscopic particles 
become visible by virtue of the Tyndall phenomenon, just as otherwise 
inappreciable motes may be seen dancing in a ray of sunlight enter- 
ing a darkened room 

One of the ways in which colloidal solutions or heterogeneous sys- 
tems differ from ordinary solutions or homogeneous systems is in the 
fact that in the former there are faces of contact between the external 
and the internal phase Consequently the forces of surface tension 

2 Ba^llss Principles of General Ph\siolog} ~ London, Longmans, Green 
& Co, 1915, p 109 
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are brought into play, and affect the behavior of the solution This 
IS especially so since the area of the suspensoid has been increased to an 
almost unbelievable extent by its transfer to the colloidal state A 
sphere of gold 2 mm in diameter has a surface of 0 126 square cm , 
while the surface of the same mass if reduced to colloidal particles 
having a diameter of 10 micromicrons would have an area of about 
100 square meters, or ten million times as much ^ Siedentopf and 
Zsigmondy have obtained gold dispeisoids with particles of a diameter 
of less than 6 micromicrons (that is, 6 millionths of a millimeter) For 
comparison it may be stated that the molecules of starch are estimated 
to have a diameter of about 5 micromicrons, those of chloroform and 
of sugar about 0 8 miciomicions, those of carbon dioxid and of sodium 
chloiid about 0 3, while the molecule of hydrogen gas, which appears to 
be the smallest of all, measures only about 0 1 micromicrons Gravity 
has no effect on these suspended particles, which are prevented from 
settling out of the fluid by the action of forces akin to those responsible 
for the Brownian movement observed when particles large enough to 
be visible under high magnifications are examined in a fluid medium 
under the microscope Perrin® has shown that this is essentially the 
same as the molecular movement of the medium in which the particles 
are held and that it is due to the continual molecular bombardment 
to which they are subjected In addition, the electrical charges of the 
colloidal particles are of importance, particularly in connection with 
their behavior when brought into contact with solutions of electrolytes 
If to a colloidal system holding a suspensoid in this state of equilibrium 
a solution of a neutral salt, that is, containing ions in the dissociated 
state, IS added, the collcidal particles unite to form groups or aggregates 
and are precipitated This may be explained on the supposition that 
the ions having the opposite electric charge to the colloidal particles 
become concentrated on the surface of the particles and impart their 
charge to these, rendering them sensitive to the presence of ions of 
opposite charge These in turn neutralize the charge on the particle, 
and cause the formation of aggregates with resultant precipitation, the 
effect being the greater the higher the valence, that is, the number of 
electrical charges, of the ion in question Occurring on a gigantic 
scale, this process of flocking out of suspensoids by the action of elec- 
trolytes IS responsible for the production of the Mississippi river 
delta through the precipitation of the colloidally suspended particles 
in the turbid river water which takes place as it mixes with the highly 
saline waters of the Gulf, while in miniature the chemist utilizes the 

3 Bayhss Principles of General Physiology, 1915, p 89 

4 Ostwald A Handbook of Colloid Chemistry Philadelphia, P Blakistons 
Son and Co , 1915, p 31 

5 Perrin Comptes rend de I’Acad Frangaise, 1908, 146 , 967 



COLLOIDAL GOLD REACTION 


499 


same physical forces when he obtains a water-clear filtrate from a test 
tube full of blood to which he has added dialyzed non and a solution 
of magnesium sulphate 

But still another peculiarity of colloidal solutions has to be con- 
sidered before we are ready to compiehend the behavior of the 
reagents in the gold test If a trace of an emulsoid or leversible 
colloid like gelatin is added to a solution containing a suspensoid the 
pi ecipitating action of salt solutions is nullified, and the suspensoid 
solution IS said to be in the protected state It appears that this pio- 
tective action is due to the deposition of a film of the emulsoid over 
each particle of the suspensoid, thus practically converting it into an 
emulsoid system which is no longer susceptible to flocculation by 
electrolytes This principle has been made use of by Schulz and 
Zsigniondy° in establishing a so-called gold numbei for the diffeient 
proteins This is the number of milligrams of the given protein 
requiied to protect 5 c c of colloidal gold fiom flocculation by 0 5 c c 
of 10 per cent sodium chlorid solution It has been found to be a 
very delicate reaction, and may be used for the quantitative determina- 
tion of albumins in solution, or for their identification if in pure form 
The results of the gold reaction on the spinal fluid appear to depend to 
some extent at least on differences in the lespective protective and 
precipitating powers of the albumin and globulin of the spinal fluid, 
the former acting as a protective agent and the latter as a precipitant 

After this brief excursion into the field of physical chemistry we 
are in a better position to understand the application of the gold 
reaction to the spinal fluid The mam reagent used is the gold solu- 
tion, having a beautiful ruby coloi already familiar to everyone in 
the splendid hues of cathedral windows, whose wonderful glowing 
reds are due to colloidal gold in the glass Faraday, in 1858, made 
such solutions by the reduction of gold chlond with phosphorus and 
carbon disulphid, and a specimen prepared by him is still on view m 
the Royal Institute in London Zsigmondy, the same investigatoi who 
developed the ultramicroscope while studying the chemistry of glass 
manufacture, found that better results could be obtained by using 
formaldehyd as the reducing agent, together with potassium car- 
bonate,' and various modifications of this method have been suggested 
Through a lack of understanding of all the factors concerned, much 
difficulty has been experienced in obtaining proper solutions, for 
unless the reagent conforms to certain definite requirements it is value- 
less, and to secure these has been found so difficult that one author 

6 Schulz and Zsigmondj', Beitr z Chem Ph\s, 1903, 3, 137 

7 ZsigTOondj Liebig’s Ann d Chem , 1898, 301 , 29, Ztschr f anaht chem, 
1901, 40 , 697 
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(Glaser®) has gone so far as to say that owing to the uncertainty of 
being able to prepare a satisfactory reagent the method is unsuited for 
practical use, and others have described rather complicated methods 
of manufacture ® 

TECHNIC 

Colloidal solutions of gold may be obtained in various wajs, by reduction, 
oxidation, hjdrolysis, condensation, or dispersion, the latter being effected either 
by chemical or by electrical means The method that has been found most 
practical for the present purpose is that of reduction of gold chlond m alkaline 
solution by the action of formaldehjd and oxalic acid The reagents required 
are a 1 per cent solution of gold chlond, a 2 per cent solution of potassium 
carbonate, a 1 per cent solution of oxalic acid, and a 2 5 per cent solution 
of formaldehyd To make a liter of the solution, 10 cc of the 1 per cent 
gold chlond solution, 7 c c of the 2 per cent potassium carbonate solution, 
175 cc of the 1 per cent oxalic acid solution, and 083 cc of the 2 5 per 
cent formaldehjd are added to a liter of distilled water in a chemically clean 
flask After thorough mixing the fluid is heated to from 80 to 85 C and 
kept at that temperature until a senes of color changes has taken place, run- 
ning through gradations from faint blue-green to a deep rubj'-red When the 
solution reaches its maximum depth of color a remarkable lightening in hue 
occurs within the space of a few seconds, the dark ruby red becoming con- 
verted to a lighter shade, and when this stage is reached, the fluid m thin 
lajers has an orange pink color, and the reaction is finished If the solution 
is properly made, 5 c c will be completely precipitated m one hour bj 1 7 c c 
of a 1 per cent sodium chlond solution, showing that it is not “protected,” 
that is, kept from precipitation by electrolytes through the protective action 
of impurities In addition, it must give characteristic results with known 
normal, paretic, and luetic spinal fluids Full details in regard to a rapid and 
simple method for preparing the solution maj' be found m the St Luke’s 
Hospital Guide to Laboratory Technique’" and in an article from this laboratory 
by O I Lee” 

To carry out the test, into the first of a senes of eleven heavy glass, 
Iipless test-tubes (measuring about by 6 inches) 18 cc of 04 per cent 
sodium chlond solution is measured and into each of the remaining ten, 1 cc 
Of the spinal fluid to be tested, 02 cc is then introduced into the first tube, 
1 cc of the mixture is placed in the second tube, 1 cc of this mixture in 
the third, and so on up to and including the tenth tube, from which, how- 
ever, the 1 cc withdrawn is rejected, leaving the eleventh tube as a color 
control The concentration of the spinal fluid thus ranges from 1 10 in the 
first tube to 1 5,120 in the tenth To each of the eleven tubes is then added 
5 cc of the colloidal gold solution and the tubes are shaken wuth a rotary 
motion to secure thorough mixing 

At the end of half an hour the color of each of the ten tubes is matched 
against a diffuse w'hite background with the nearest shade selected from the 
color scale, using the eleventh tube for comparison 

The red or unaltered fluid is given a value of 0, red-blue 1, violet-blue 2, 
blue 3, pale-blue 4, colorless 5 These color values are then plotted as the 


8 Glaser Neurol Centralbl , 1914, 32, 688 

9 Miller, Brush, Hammers and Felton Bull Johns Hopkins Hosp, 1915, 
26, 391 

10 Wood, F C , Vogel, Karl M , and Famulener, L W Laboratory Tech- 
nique The Methods Employed at St Luke’s Hospital Ed 2 New York 
James T Dougherty, 1917, p 86 

11 Lee, 0 1 A Simple Procedure for the Preparation of Colloidal Gold 
for Diagnostic Purposes, Am Jour Med Sc, 1918, 155, 404 
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abscissae against the dilutions as ordinates, so as to make a continuous cur\c, 
and this constitutes the preliminary reading At the end of twenty-four hours 
the values arc again read, and this is designated as the final curve, which is 
usually parallel to the preliminary curve, though a little higher in the scale 

Different affections of the cerebrospinal system produce changes 
in the spinal fluid which bring about flocking out of the gold solution 
in different concentrations of the spinal fluid, the varying degrees of 
precipitation of the gold being characterized by changes in the color 
of the supernatant fluid, owing to variations in the size of the aggie- 
gates of gold resulting, the color becoming bluer as the size of the 
particles increases Ihese changes have been found to be fairly con- 
sistent, so that it has been possible to establish definite curves or 
zones of precipitation which seem to be sufficiently reliable to permit 
of definite diagnostic conclusions, particularly m the case of paresis, 
tabes, cerebrospinal syphilis and meningitis 

We have records of over 200 cases m which the reaction was per- 
formed more than 400 times This series is of particular interest, 
because in addition to the syphilitic and parasyphilitic conditions, it 
comprises so many others of a miscellaneous nature 

Tahes — ^The gold reaction is of particular interest in tabes, and of 
our twenty-four cases, all gave distinctly pathologic curves The 
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2 

o 

1/ 

2 

2 

0 

0 

0 1 



12/11/10 1 

+ -U + 

4- -^4- 

1 

4-4_ 

2 

1 

1 

1 


o 

A/ 

2 

2 

1 

0 

0 



12/27/10 j 



4-4. 

210 

0 

0 

0 

1 

1 

32 

1 

51 

0 

0 



1/31/17 : 

! -v.4.4. 

J-+ 


2 

1 

1 

o 

3 

2 

0 

0 

0 

0 

0 1 



2/2/17 


— r++ 

0 

O 

1 

1 

1 

2 

2 

2 

1 

0 

0 

0 I 



i V 8/17 ’ 

-1. > 

, ^ 


+ 

c 

1 

1 

1 

2 

2 

0 

0 

0 

0 

1 

0 1 

j 


H c;i7 i 

i U- j 

[ •*• + 

0 

4 

1 

1 

2 

3 

2 

1 

0 

0 

0 

1 

° 1 



0/22/17 

( 

' 4-4- 

1 ; 

0 


2 

2 

3 

3 

1 

1 

0 

0 

0 

0 , 



r,Tii- 

' -4- j 

[ 

1 , 

! 

1 

1 

1 

1 

2 

1 

0 

0 

0 

0 

1 

0 1 



1 £'n/i7 

1 

1 •U 

' ± 

i S 

1 

1 

2 

2 

0 

0 

0 

0 

0 

0 


17P 

10/ 1/17 

4 20 17 

' \ C 

' -+ 

! i 

' 0 

1 s 

1 

0 

1 

30 

2 

51 

2 

1 

2 

0 

1 

30 

1 

30 

1 

0 

1 

0 

0 

0 

0 
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TABLE 1 — Tabes Dorsalis— Twenty-Four Cases— (C onttmicd) 


Case 

^o 

Date ■ 

Watsermann 

Glob- 

ulin 

(No 

guclii) 

Lym 

plio 

ejtcs 

Colloidal Gold Test 

EemarLs 

Blood 

Spmal 

Bluid 

1£0 

1/31/17 

0 

0 

+ 


1 

1 

1 

1 1 

1 

3 

3 

2 

1 

1 i 

Preyious treat 
















mcnt 


2/ 3/17 

0 




1 

1 

1 

1 1 

1 

0 

0 

0 

0 



2/11/17 

0 

0 

+ 

20 

3 

2 

1 

2 3 

0 

1 

0 

0 

0 


181 

9/19/lG 

+ 

+ + + + 

+ 

35 

5 

4 

0 

1 2 

3 

1 

1 

1 

0 

Tertiary syphilis, 
















pjclitis, pyelo 


11/11/16 

+ 


+ 

12 

1 

1 

1 

152 

3 

2 

15151 

nephrosis, gen- 
















oral septicemia 


5/ 8/17 

++ + 

+ + + + 

raint-f- 

10 

1 

1 

1 

3 2 

0 

1 

1 

0 

2 

at death 

1S2 

7/12/17 

0 

+ + + 

0 

4 

5 

2 

2 

4 3 

2 

1 

0 

0 

0 



7/17/17 




10 

4 

4 

4 

4 4 

0 

1 51 

1 

0 



9/14/17 

+ 

0 

? 

10 

2 53 

4 

3 2 

1 

0 

0 

0 

0 



11/ 9/17 

0 

+ + 

0 

3 

5 

4 

3 

252 

0 50 

0 

0 

0 


183 

11/ 4/16 

0 

0 

0 

3 

1 

1 51 

52 1 50 

0 

0 

0 

0 


184 

5/19/17 


0 

-1- 

26 

1 

2 

3 

4 3 

o 

1 

0 

0 

0 

Charcot joints 

185 

1/29/17 

+++ 

++++ 

0 

11 

2 

2 

2 

3 2 

2 

0 

0 

0 

0 

Tertiary syphilis. 
















chronic bron 


2/ 3/17 


A 0 

0 

24 j 

1 

1 

2 

2 3 

3 

2 

1 

0 

0 

chitis 


3/ 7/17 

+ + 4- + 

+ ++ + 

.0 

8 

1 

1 

2 

2 3 

2 

1 

0 

0 

0 


186 

1/ 7/17 

AC 

+ + 

+ 1 

4 

1 

1 

2 

3 3 

2 

1 

0 

0 

0 



4/13/17 

0 


1 

0 

i 

15 

1 

2 

4 

3 3 

1 

0 

0 

0 

0 


187 

10/10/16 

0 

0 

-4- 

c 

1 

1 

1 

1 1 

0 

0 

0 

0 

0 

Cerebrospinal 
















siphilis Pre\i 


10/16/16 

0 

0 

+ 

6 

1 

1 

1 

1 15150 

0 

0 

0 

ous treatment 


11/24/16 

0 

0 

0 

4 

1 

2 

2 

2 1 

0 

0 

0 

0 

0 



1/ 9/17 

0 

0 

0 

4 

1 

1 

1 

2 1 

1 

0 

0 

0 

0 



3/17/17 

0 

0 

0 

s 

1 

1 

2 

3 1 

0 

0 

0 

0 

0 


1 

4/24/17 

± 

0 

0 

4 

1 

1 

O 

2 2 

1 

0 

0 

0 

0 



6/ 5/17 

0 

0 

0 

4 

2 

2 

3 

3 3 

1 

1 

0 

0 

0 



7/ 5/17 

0 

0 

0 

1 

1 

1 

2 

1 0 

0 

0 

0 

0 

0 



8/17/17 

0 

0 

0 

4 

1 

1 

1 

1 0 

0 

0 

0 

0 

0 



10/13/17 

0 

0 

+ 

15 

1 

1 

1515150 

0 

0 

0 

0 



11/13/17 

0 

0 



1 

1 

050 5050 

0 

0 

0 

0 


188 

7/20/16 

+++ 

++ 

+ 

24 

0 

1 

2 

1 52 

1 

0 

0 

0 

0 

Previous treat 


9/19/16 

H — h + 

0 

0 

1 

0 

0 

0 

0 1 

1 

0 

0 

0 

0 



10/10/16 

+ 

± 

0 

30 

1 

1 

1 

1 1 

1 

1 

0 

0 

0 



10/31/16 

+ 


0 

3 

1 

1 

1 

1 51 50 

0 

0 

0 

0 



11/21/16 

+ 

0 

Paint-h 

7 

1 

1 

1 

1 2 

2 

2 

0 

0 

0 



12/12/16 

+++ 

0 

Paint-f 

8 

1 

1 

1 

1 2 

2 

0 

0 

0 

0 



1/ 3/17 

+ 

0 

0 

3 

1 

1 

2 

2 2 

2 

3 

1 

0 

0 



1/26/17 

+ 

0 

0 

6 

1 

1 

1 

1 1 

0 

0 

0 

0 

0 



4/16/17 

+ 

■± 

0 

0 

1 

1 

2 

2 0 

0 

0 

0 

0 

0 



5/ 7/17 

+ 

0 

0 

10 

1 

1 

1 

1 1 

0 

0 

0 

0 

0 



5/29/17 

d: 

0 

0 

4 

1 

1 

1 

1 1 

0 

0 

0 

0 

0 
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TABLE 1 — Tabes Dorsalis — ^Twenty-Four Cases — {ConUnucd') 


Case 

No 

Date 

Wassermann j 

Glob- 

ulin 

(No 

Buclu) 

Lyra 

pho 

cytes 

Colloidal Gold Test 

Eemarks 

Blood 

Spinal 

Pluid 

1S9 

5/24/17 

0 

0 


1 

2 

3 

4 

3 8 

2 

1 

0 

0 

0 

Thrombosis ol 
















veins in right 


C/22/17 


0 

1 + 

2 

1 

1 

1 

2 

2 3 

1 

1 

1 

0 

0 

1 arm, collulitjs 

1 

ISO 

9/18/lG 

+++ 

+++ 

0 

11 

5 

5 

154 15151 

0 

0 

0 

Previous treat- 
mpnf. 

191 

2/ 2/17 

0 

,++++ 

0 

6 

2 

2 

2 

2 3 

3 

2 

1 

0 

0 

Previous treat- 


2/17/17 

0 

++ 

-t- 

4 

6 

2 

3 

4 4 

3 

1 

0 

0 

0 



3/ 9/17 

0 

i 

-1- 


1 

1 

2 

3 4 

3 

1 

0 

0 

0 



4/11/17 

■±, 


+ 

8 

1 

1 

2 

3 4 

3 

1 

0 

0 

0 



4/25/17 

0 

-L+ 

0 

10 

1 

1 

2 

3 3 

3 

2 

1 

0 

0 



6/ G/17 

0 

++ 

Paint-l- 

! 12 

1 

1 

1 

2 3 

2 

1 

1 

0 

0 



6/11/17 

± 

++ 

0 

10 

1 

1 

2 

1 3 

1 

1 

0 

0 

0 


192 

4/5/17 

! + 

1 

++++ 

Faint-i- 

50 

2 

2 

3 

4 4 

3 

2 

1 

0 

0 



6/17/17 

0 

+ 

+ 

7 

1 4 

3 

4 

5 4 

3 

2 

1 

0 

0 



8/18/17 

0 

0 

1 

i 

1 

1 

1 

1 

1 

1 

2 1 

0 

0 

0 

0 

0 



10/23/17 

0 

0 

0 

4 

0 51 

2 

2 0 50 

0 

0 

0 

0 


103 

7/ 3/17 

++++ 

0 

0 

4 

1 

1 

1 

0 0 

0 

0 

0 

0 

0 

Chronic cndocar 
















ditis, mitral 


8/12/17 

4“4'4*4 

0 

+ 

20 

! 1 

1 

1 

2 2 

0 

0 

0 

0 

0 

i stenosis and in 
















sulTiclency 


8/22/17 

++++ 

0 


10 

1 1 

1 

2 

2 1 

0 

0 

0 

0 

0 

Cardiac dilata 




1 












tion and hyper 


O/lG/17 

++++ 

0 

0 

0 

1 

1 

1 

52 2 

1 

0 

0 

0 

0 

Tertiary syphilis 

194 

0/27/17 ! 

0 

0 ' 

-1- 

2 

1 

1 

152 2 

150 

0 

0 

1 

0 

Previous treat- 





1 

1 










ment 

105 

12/2G/10 


■+ 

4- 1 

3 

1 

1 

2 

3 4 

3 

2 

1 

0 

0 



12/31/16 

+ 

+ 

++ 

20 

0 

0 

0 

1 1 

1 

1 

50 

0 

0 



6/ 5/17 

0 

± 

0 

8 

1 

1 

15151 

51 

0 

1 51 

51 5 



7/28/17 

0 

0 

0 

7 

1 

1 

2 

2 1 

0 

0 

0 

0 

0 


lOG 

7/24/17 

07 

0 



1 

1 

1 

1 2 

3 

2 

1 

0 

0 


108 

10/ 7/16 

0 

0 

0 

3 

0 

0 

0 

1 1 

1 

0 

0 

0 

0 



12/21/lG 

+ 

0 

+ 

13 

1 

1 

3 

3 3 

2 

1 

0 

0 

i 

0 : 



3/ 8/17 

0 

0 

0 

6 

1 

1 

1 

1 1 

1 

0 

0 

0 

0 

} 


4/14/17 

0 

0 

0 

10 

1 

1 

2 

3 2 

1 

0 

0 

0 

0 

i 


6/21/17 

0 

0 

-1- 

5 

1 

1 

1 

2 1 

0 

0 

0 

0 

0 

1 


8/ 9/17 

0 

0 

0 

4 

1 

1 

2 

2 1 

0 

0 

0 

0 

0 

1 

1 


11/ 6/17 

0 

"4~ 

-1- 

8 

0 51 

2 53 2 

1 

51 

5 

0 

0 

1 

1 

( 

190 

3/23/17 

0 


-1- 

98 

1 

2 

1 

1 2 

4 

4 

1 

0 

0 

1 

! 

201 

5/27/17 

0 

0 

0 

5 

1 

1 

2 

2 2 

3 

2 

1 

0 

0 

1 

202 

11/ 1/17 

+++ 

++ 

+ + + 

36 

1 

1 

2 

3 2 

1 

050 

0 

0 

[ 


curve in most cases was in the syphilitic zone, though with a tendency 
to be displaced somewhat to the right, and in not quite half of the 
cases the peak of the curs^e reached 4 on the color scale In one case 
(No 180) one curve obtained was of the meningitic type, while a 
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later one was in the paietic zone, and two other patients (182 and 190) 
also gave paretic curves In both of these, the Wassermann^^ was 
positive in both the blood and spinal fluid, but the globulin reaction , 
was negative and the cells w'ere not increased Of the 24 cases, the 
blood Wassermann was negative in 8 and doubtful in 2, but 5 of these 
had already had active antisyphilitic treatment The spinal fluid 
Wassermann w'as negative in 9, and doubtful in 1 case, and 3 of these 
were cases in which there had already been active treatment The 
globulin reaction was negative m 5 cases, and the cells were below 10 
m 5 cases The gold leaction w’^as therefore by far the most reliable 
index of the pathologic condition of the spinal fluid In 9 cases in 
wdiich repeated examinations were made at intervals while the patients 
w^ere undergoing treatment by the intraspmal injection of arsphena- 
mized serum, a distinct progressive flattening of the curves could be 
seen, which was in accord with the change m the clinical condition, 
and appears to be an objective indication of improvement w^hich is 
rather more delicate than the decrease in the cells and in the globulin 
1 eaction 

Cei ehi ospHwl Syphilis — There are 22 cases of cerebrospinal 
syphilis in our series The blood Wassermann was positive in 9, 
negative in 7, and doubtful m 4 cases, and in 2 the reaction -was not 
determined The spinal fluid Wassermann was positive in 15, nega- 
tive in 5, and doubtful in 2 cases The globulin reaction was positive 
in 19 and negative in 3 cases, and the cells w’^ere over 10 in 13, and 
10 or under in 9 cases The gold reaction was pathologic in all cases 
but 2, though the average elevation of the peak was not quite so high 
as that m tabes In the latter condition 4 or over in the color scale was 
reached in 46 per cent of the cases, and 3 or over in 83 per cent , 
while in cerebrospinal syphilis the respective figures are 31 per cent 
and 72 per cent The distinction, however, has not very much differ- 
ential diagnostic value In two cases the gold curve was only of the 
irritation type, that is, with no tube showing a color value greater 
than 15 In both of these the globulin reaction was positive , in one 
the blood Wassermann was positive, but the spinal fluid Wassermann 
was negative, while in the other, the spinal fluid Wassermann was 
positive and the blood Wassermann was not tested Here again the 
gold reaction appears to be the most reliable single test, though the 
globulin reaction is little behind it in value 

12 The Wassermann reactions were performed under the direction of Dr 
L W Famulener The technic included the use of an antisheep hemolytic 
system and waterbath fixation Two antigens were used, namely, the Noguchi 
acetone-insoluble, and alcoholic extract of guinea-pig heart, and in each case 
the reaction was performed in duplicate with two different specimens of 
antigen 
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TABLE 2 — Cerebrospinal Syphilis — TwnNT\-Two Cases 


Case 

No 

Date 

Wassennanii 

Glob 

ulin 

(No 

guclii) 

Ljm 

pho 

cytcs 

Colloidal Gold Test 

Remarks 

Blood 

Spinal 

Fluid 

105 

5/17/17 

0 

+ 

+ 

80 

1 

1 

1 

1 

1 2 

2 

1 

1 

1 






+ 


1 

2 

3 

2 

2 2 

0 

0 

0 

0 



0/21/17 



+ 

1 

1 

2 

3 

2 

2 2 

0 

0 

0 

0 



9/13/17 




7 

1 

152 

2 

1 0 

0 

0 

0 

0 



8/29/17 

+ + +f 

+ + + + 

0 

3 

1 

1 

1 

2 

3 3 

2 

1 

1 

0 



9/ 8/17 

+ + + + 

+++ + 

+ 

4 

1 

1 

1 

1 51 52 

1 

1 

0 

0 



9/10/17 




c 

1 

2 

2 53 

3 2 

2 

0 

0 

0 


107 

0/19/17 

0 

++ + 


50 

2 

3 

3 

3 

2 1 

1 

0 

0 

0 



8/10/17 

0 

0 

+ 

12 

1 

2 

3 

3 

2 1 

0 

0 

0 

0 


108 

11/ 7/10 

0 

0 

0 

1 

1 

15151 

1 0 

0 

0 

0 

0 



12/ 3/lC 



raint+ 

14 

1 

1 

1 

1 

1 1 

0 

0 

0 

0 



1/ 9/17 

0 

0 

0 

3 

1 

1 

1 

1 

0 0 

0 

0 

0 

0 



2/10/17 


0 

0 

i 

9 

2 

2 

1 

1 

1 0 

0 

0 

0 

0 



3/ 2/17 

0 

0 

0 

2 

1 

1 

1 

1 

1 0 

0 

0 

0 

0 



3/10/17 

0 

0 

Faint+ 

6 

1 

2 

2 

2 

1 1 

0 

0 

0 

0 



8/10/17 

0 

0 

f* 

20 

2 

2 

1 

1 

0 0 

0 

0 

0 

0 


100 

10/ 4/lG 

+ 

0 

-f 

1 

12 

0 

0 

0 

0 

0 0 

0 

0 

0 

0 



11/ 7/10 

0 


0 

1 

0 

1 

1 

1 

0 0 

0 

0 

0 

0 



12/14/10 



0 

4 

1 

1 

1 

1 

1 1 

0 

0 

0 

0 

' 


2/ 6/17 

0 

1 

0 



1 

1 

1 

0 

0 0 

0 

0 

0 

0 



3/11/17 

0 

0 

1 

0 

3 

1 

1 

1 

0 

0 0 

0 

0 

0 

0 



4/11/17 


+ + + 


5 

1 

2 

3 

2 

1 0 

0 

0 

0 

0 



0/ 5/17 

0 

0 

0 

4 

0 

0 

1 

1 

0 1 

1 

1 

1 

1 



7/ 1/17 

0 

0 

? 

4 

1 

1 

1 

2 

1 0 

0 

0 

0 

0 



8/17/17 

0 

0 


8 

1 

1 

1 

0 

0 0 

0 

0 

0 

0 


110 

'8/ 9/17 

0 

0 

0 

3 

1 

2 

2 

1 

0 0 

0 

0 

0 

0 



8/12/17 

0 


0 

7 

1 

1 

1 

2 

0 0 

0 

0 

0 

0 



9/30/17 

0 

0 

0 

3 

1 

2 

2 

2 

2 1 

0 

0 

0 

0 



11/ 3/17 

± 

0 

0 

5 

0 51 

2 

1 50 50 50 

0 

0 

0 


111 

3/22/17 

0 

~f" 

0 

4 

1 

1 

2 

3 

2 1 

0 

0 

0 

0 


112 

3/ 1/17 

+ + + + 

++ 

+ 

24 

1 

1 

1 

2 

S 2 

2 

1 

0 

0 

Chronic nephritis 

113 

0/ 1/17 

■■ 

++ 

-r + 

10 

1 

1 

1 

1 

1 52 

3 

1 51 

0 

lumor of spinal 
















cord 


0/ 5/17 


+ 

I 

+ 

0 

5 

5 

3 

3 

4 3 

3 

1 

1 

0 


111 

7/27/17 



++ 

200 

5 

1 

1 

2 

3 4 

0 

0 

0 

0 



7/31/17 


1 

1 

1 



1 

1 

2 

3 

3 2 

1 

0 

0 

0 



8/14/17 

1 

1 -f 



1 

1 

3 

4 

2 2 

1 

0 

0 

0 





1 



1 

1 

1 

1 

52 

1 51 50 

0 

0 

0 
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TABLE 2 — Cerebrospinal Syphilis — ^Twent\-T\vo Cases — {Coultnned) 


Case 

No 

Date 

Wasscrmann 

Glob- 

ulin 

(No 

guclu) 

Lym 

pho 

cytes 

Colloidal Gold Test 

Remarks 

Blood 

Spinal 

Fluid 

115 

1/24/17 

4- + + + 

+ + 

0 

6 

1 

1 

2 

3 

3 

2 0 

0 

0 

0 

Tabes dorsalis(?). 


2/ 1/17 

++++ 

+ + 

0 

12 

1 

1 

1 

3 

2 

1 0 

1 

0 

0 

11s, progressive 
















muscular atro 


2/10/17 

4-4-4- 

+ + 

+ 

14 

1 

2 

3 

4 

3 

1 1 

0 

0 

0 

Phj 


2/24/17 

+ 

0 

+ 


1 

1 

2 

3 

2 

1 0 

0 

0 

0 


117 

11/17/10 

++++ 


0 

5 

1 

1 

1 

2 

3 

2 2 

1 

1 

0 

Chronic rlien 
















mato arthritis 


12/15/16 

+++ 

+ + + 

0 

5 

1 

1 

1 

2 

2 

3 2 

1 

1 

0 

Previous treat 

118 

1/31/17 


+ + + 

+ 

10 

1 

1 

1 

1 

1 

1 0 

0 

0 

0 


119 

1/ 4/17 

0 

+ + 

0 

I 0 

1 

1 

1 

3 

4 

3 2 

0 

0 

0 



2/28/17 



0 

3 

1 

1 

2 

3 

3 

3 2 

1 

0 

0 



5/13/17 

0 




3 

1 

3 

3 

4 

3 2 

1 

0 

0 



11/ 9/17 

0 

+ + 

0 

4 

1 

1 

1 

0 50 

50 0 

0 

0 

0 


120 

4/ 5/17 

A 0 

AC 

4- 

50 

[ 

1 

2 

3 

4 

3 

2 1 

0 

0 

0 


121 

7/11/17 

0 

0 

0 

8 

1 

2 

3 

o 

2 

0 0 

0 

0 

0 



7/25/17 

0 

0 

0 

12 

1 

2 

2 

3 

1 

0 0 

0 

0 

0 



8/ 7/17 

0 

0 

4- 

15 

1 

2 

2 

2 

1 

0 0 

0 

0 

0 



11/28/17 

0 

0 

0 

3 

2 

2 

0 

1 

0 

0 0 

0 

0 

0 


122 

8/24/17 

+ + + + 

+ + + + 

? 

10 

0 

5 

4 

3 

2 

1 51 

1 

0 

0 



8/29/17 

+ + + + 

+ + + + 

? 

15 

1 

1 

2 

3 

4 

3 1 

1 

0 

0 



10/31/17 

+ + + + 

+ + + + 

+ 

9 

1 

1 52 

2 

1 50 0 

0 

0 

0 



1 12/ 2/17 

+++ 

+ + + T 

1 + 

13 

1 

2 

2 

2 

1 50 50 50 

0 

0 


123 

3/22/17 

0 

+ + + + 

+ 


1 

1 

2 

4 

3 

1 0 

1 

2 

2 



5/23/17 

0 

+ + + 

0 

9 

5 

4 

1 53 53 

3 1 51 

0 

0 



7/31/17 



Faint4- 

5 

1 

1 

2 

3 

2 

3 0 

0 

0 

0 



9/20/17 

0 

+ 

2 

5 

0 50 51 

2 

2 

1 0 

0 

0 

0 


124 

9/25/16 





0 

0 

0 

0 

0 

0 0 

0 

0 

0 



10/24/16 

0 


+ 

3 

0 

0 

0 

0 

0 

0 0 

0 

0 

0 



11/22/16 



+ 

18 

1 

1 

1 

1 

1 

1 0 

0 

0 

0 



1/ 2/17 

+ 

0 

0 

5 

0 

0 

0 

0 

0 

0 0 

0 

0 

0 



4/ 3/17 

+ 

0’ 

0 

3 

1 

1 

1 

2 

0 

0 0 

0 

0 

0 



6/ 1/17 

+ 

0 

0 

8 

1 

1 

1 

1 

1 

0 0 

0 

0 

0 



8/13/17 

+ 

0 

+ 


1 

1 

1 

1 

0 

0 0 

0 

0 

0 

1 


10/13/17 

+ 

0 

+ 

36 

0 50 50 

51 

1 

0 0 

0 

0 

0 



11/14/17 

+ 

0 

++ 

15 

0 

0 

0 

0 

0 

0 0 

0 

0 

0 


125 

11/17/17 

d: 

++ 

++ 

9 

1 

1 

1 

1 

1 

0 0 

0 

0 

0 



11/28/17 

0 

++ 


3 

1 

2 

2 

2 

1 

0 50 

0 

0 

0 


126 

11/ 1/17 

-t-4-4*4- 

0 

+ 

30 

0 

50 50 50 50 50 0 

0 

0 

0 


127 

10/15/17 


+++ 

++++ 

11 

1 

1 

1 

15152 0 

0 

0 

0 

Cerebral gum 
















ma, tertiary 
















syphilis 


11/ 2/17 

± 

4-4-4- 

++++ 

120 

0 51 

1 52 

3 

1 51 50 

0 

0 



11/12/17 

++++ 

+++ 



1 

1 51 51 52 

1 51 

0 

0 

0 



11/28/17 

1+++ 

4- 



1 52 

2 

2 

1 

0 50 

0 

0 

0 




m 
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Paresis — ^In the group chrucally diagnosed as paresis, comprising 
6 cases, the blood Wassermann was negatne in 1, the spinal fluid 
Wassermann in 2, and the cells under 10 in 2 cases, while the gold 
curve was of the irritation type in 1 instance In 2 cases the curve 
was of the syphilitic type, once with both Wassermann reactions posi- 


TABLE 3 — Gexlrvl Paresis — Si\ Casks 


Case 

^o 

Date 

Wassermann 

Glob- 

ulin 

(^o 

guchl) 

Lym 

pho 

cytes 

1 

Colloidal Gold lest 

j 

Remarks 

j Blood 

Spinal 

Fluid 

203 

9/lC/lC 

-++- 

+++-^ 

+ 

6 

4 

4 

3 52 

1 

1 

1 

0 

0 

0 

Icrtiary sypliIliS 


9/29/10 



1 X 

1 

5 

i ^ 

4 

1 

2 

2 

2 

1 

50 

0 

0 



10/10/10 


4 . a- 4 - a. 

-r 

10 

151 

1 

32 

3 

3 

1 50 

0 

0 



11/ 7/10 

4--++ 

4--1-++ 

-1- 

12 

i ^ 

2 

2 

3 

2 

2 

0 

0 

0 

0 



11/25/10 

++J- + 

++++ 

■^+ 

i 12 

3 

*y 

u 

2 

2 

2 

2 

0 

0 

0 

0 



12/10/10 

+ -^++ 

+++-^ 


i 

2 

2 

2 

3 

3 

3 

1 

0 

0 

0 



1/ 5/17 

■i" 4* + 4* 

I 4 . 4 .X 4 . 

+ 

1 " 

1 

1 

2 

4 

3 

2 

1 

1 

0 

0 



2/ 3/17 

4" *7“ 4" 

|4-4*4'4~ 

0 

1 ^ 

2 

2 

1 

1 

1 

1 

0 

0 

0 

0 



3/ 0/17 

++++ 

4-0-4- 

X 

59 

1 

1 

2 

3 

4 

3 

1 

1 

0 

0 



4/ 7/17 

++++ 

4 — f-4-4~ 

-K 

40 

3 

3 

2 

1 

0 

0 

0 

0 

0 

0 



5/ 8/17 

+0-4. 

++-^ 

X 

34 

1 

1 

2 

3 

3 

2 

3 

0 

0 

0 



0/19/17 

4-4- 

-r + 

x4- 

330 1 

1 

2 

2 

3 

3 

2 

0 

0 

0 

0 


201 

1/ 9/17 

4 - 

— i 

0 

1 

0 

i 

0 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 


205 

0/ 7/17 

++-^ 

-*-+++; 

-f 


0 

3 

3 

4 

4 

0 

u 

3 

1 

1 

0 


1 

0/21/17 

J-+4 

.1.4.x 

1 

4- 

7 

5 

5 

3 

4 

4 

1 

1 

0 

1 

0 


200 

7/21/16 

A C 

— ^-r + 

+ 

8 

5 

5 

5 

5 

5 

5 

5 

2 

1 

30 



7/20/10 

4""^ — 4- 

4-x4--f 

+ 

11 

5 

5 

5 

5 

5 

1 

51 

0 

0 

0 

Pre\ lous treat 

















ment 


11/ 5/10 

++++ 


+ 

14 

5 

0 

5 

5 

5 

5 

0 

1 50 

0 



11/22/10 


++-^+ 

X4. 

30 

4 

4 

4 

4 

4 

4 

3 51 

51 

0 


207 

11/10/16 

0 

0 

4- ^ 

15 

1 

1 

1 

51 

31 51 

1 

0 

0 

0 

S> pbllitic aortitis 





1 












with aortic and 


11/20/10 


0 

-1-+ 

30 

1 

1 

1 

0 

2 

2 

0 

0 

0 

0 

mitral rfj,urf,i 

















tntion, cardiac 

















hypertrophy 

208 

9/20/10 

U. 


X 

9 

1 

1 

1 

53 

9 

1 50 

0 

0 

0 ! 



10/10/10 

0 

+-+ 

0 

12 

1 

1 

1 

1 

1 51 

1 

0 

0 

1 

0 ! 

1 

4 


12/ 8/10 

± 

+++ 

+1 

12 

1 

2 

0 

u 

0 

3 

0 

2 

0 

0 

0 i 



1/10/17 

0 

0 

0 ! 

1 

0 

1 

1 

1 

2 

1 

1 

0 

0 

0 

1 

0 ; 



tne and once with both negative, but the others gave the characteristic 
paretic high lev el for the left hand tubes 

Tcriiajy Syphilis — Of tertiary syphilis there are 24 cases in the 
senes In all of these, except one (No 145), the Wassermann was 
positive m either the blood or spinal fluid or both, and in this case 
there had been active antisyphilitic treatment The blood Wassermann 
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TABLE 4 — Tertiary Syphilis — Twenty-Two Cases 




Wassermann 

Glob 

Ljm 












Case 

Onto 



ulin 

pho 


r«rillr\tHol T’ncf 


Etmarls 













No 


Blood 

Spinal 

(No 

cytes 















Fluid 

guclii) 













128 

11/15/16 

+ 

0 

0 


1 

1 

1 

2 

2 

1 51 

0 

0 

0 

Aortitis with aor 
















tic regiirgita 
tion, splenome 
galj (syphil 

itic’),leuLcmia? 




129 

8/29/17 

0 

0 

0 

6 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

Intestinal intoxi 
















cation 

ISO 

2/ 1/17 

+ + + + 

0 

+ 

17 

1 

1 

1 

2 

3 

2 

1 

0 

0 

0 

Cervical fibroid, 















pedunculated 

131 

11/ 3/16 

+ + + + 

0 

0 

3 

1 

1 51 

51 

51 

0 

0 

0 

0 

0 


132 

1/25/17 

+ + + + 

0 

0 

9 

1 

1 

2 

2 

1 

1 

0 

0 

0 

0 

Optic neuritis 

133 

6/ 1/17 

+ + + + 

+ + + + 

++++ 

42 

2 

2 

5 

3 

3 

3 

1 

1 

0 

0 

Spastic paraple 
gia 


6/ 5/17 

+ + + 

+ 4- + 



2 

3 

3 

2 

2 

1 

0 

0 

0 

0 


6/14/17 

+ + + 

+++ 



1 

2 

2 

3 

1 

1 

0 

0 

0 

0 



7/22/17 

+ 

+ 

0 

7 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 



8/15/17 

± 

+ 



1 

1 

2 

1 

0 

0 

0 

0 

0 

0 


134 

4/ 5/17 


0 

+ 

10 

1 

2 

3 

4 

3 

2 

1 

0 

0 

0 


135 

12/ 3/16 

0 

+? 

+? 

7 

1 

1 

2 

2 

2 

2 

1 

0 

0 

0 

Preiious treat 
















inont 


2/10/17 

0 

+ + 

0 

5 

1 

2 

2 

3 

3 

1 

0 

0 

0 

0 



8/20/17 

0 




1 

1 

1 

2 

1 

0 

0 

0 

0 

0 


136 

11/ 4/16 

+++ 

0 

0 

8 

1 

152 

2 

2 

0 

0 

0 

0 

0 

Pulmonary tuber 

















culosis, chronic 
gumma of brain 

137 

12/ 9/16 

+' + + + 

0 

++ 

13 

1 

1 

1 

0 

2 

2 

1 

0 

0 

0 



12/17/16 


0? 

+ 

2 

1 

1 

1 

i 

2 

2 

1 

0 

0 

0 


138 

10/13/16 

+ 

0 

0 

3 

1 

1 

1 

15151 

0 

0 

0 

0 

Syphilitic bepat- 


9/22/17 















itis (gumma?), 
pelvic laceration 

139 

++++ 

0 

7 

8 

0 50 30 50 

50 

0 

0 

0 

0 

0 

140 

11/ 9/16 

+ + + + 

0 

0 

2 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 



3/18/17 

++++ 

0 

0 

8 

1 

1 

1 

2 

1 

0 

0 

0 

0 

0 



7/ 9/17 

++++ 

0 

0 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 


141 

7/26/17 

+ 

+ 

+ 

10 

1 

1 

2 

2 

2 

1 

0 

0 

0 

0 


142 

11/16/16 

+ 

0 

+ 

20 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 


143 

1/19/17 

10/25/16 

++++ 

0 

0 

8 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

Aneurysm of 

aorta (arch) 

144 

+ 

0 

0 

s 

1 

1 

1 

1 51 51 51 50 

0 

0 

Syphilitic aort 

















itis, chronic en- 
docarditis, sal 
varsan poison 
ing 

“Salvarsan arm * 

145 

12/ 2/16 

0 


+ 

7 

1 

1 

1 

2 

2 

1 

0 

0 

0 

0 

146 

11/18/16 

++++ 

0 



1 

1 

1 

1 

1 

0 

0 

2 

0 

0 


148 

10/30 '17 

+++ 

0 

0 

2 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

Cholelithiasis? 

149 

9/10/17 

+ 

0 

0 

7 

1 

1 

1 51 51 

0 

0 

0 

0 

0 


150 

1/23/17 

++++ 

0 



1 

1 

1 

1 

1 

1 

1 

0 

0 

0 



was positive in 16 cases, negative m 5 cases, and in another was not 
performed The spinal fluid Wassermann was positive in 3 cases, 
was negative in 17, and was not performed in 2 cases The globulin 
test was positive in 9 cases, negative in 10, and in 3 instances was not 
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made The cells were 10 or under m 18 cases, and above 10 m 4 cases 
The gold curve was in the syphilitic zone in 11 cases, and of the 
irritation type in 11 Of the 16 cases giving a positive blood Wasser- 
mann, 5 gave a negative spinal fluid Wassermann (Nos 128, 130, 132, 
136 and 137) but a gold curve in the syphilitic zone In these 5 cases 


TABLE 5 — Acurn Anterior Poliomyllitis— Three C\ses 


Case 

No 

Date 

Lympho 

cytes 

Poly- 

nuclear 

Lcuko 

cytes 

Glob 

ulin 

(No 

guchi)* 

170 

7/20/16 

4 

0 

0 

171 

0/ 9/17 

0 

0 

+ 

172 

C/ 8/17 

3 

0 

Paint 


Colloidnl Gold Test 


2 1 0 0 0 0 

12 3 111 

2 1 0 0 0 0 


0 

0 

0 


0 

0 

0 


* The Wassermann reactions on blood and spinal fluid i^erc ncBative in c\ery case 


TABLE 6 — Congenital Syphilis — Four Casks 


Case 

No 

Date 

Wassermann 

Glob- 

ulin 

(No- 

Eucbi) 

/ 

Lym- 

pbo 

cytes 

Colloidal Gold Test 

Ecmarks 

Blood 

Spinal 

Fluid 

173 

8/29/17 


0* 

0 

4 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 


174 

9/10/17 


0 

? 

8 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 



11/11/17 

+++4- 

0? 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


175 

2/21/17 


1 

+ 

30 

1 

1 

2 

2 

1 

0 

0 

0 

0 

0 



3/15/17 

+-K+-K 

A C 

+ 

9 

1 

2 

3 

2 

1 

1 

0 

0 

0 

0 



0/27/17 

+ 


-t-7 

5 

1 

2 

3 

3 

2 

2 

0 

0 

0 

0 



7/ 1/17 


0 

0 

4 

1 

2 

3 

2 

1 

1 

0 

0 

0 

0 



9/23/17 



0 

4 

1 

1 

1 

0 

50 50 

0 

0 

0 

0 



10/27/17 


± 


5 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 


170 

10/ 9/lC 

T 

0 



1 

1 

1 

1 

1 

0 

0 

0 

0 

0 



1/ 6/17 

± 

0 

0 

2 

1 

1 

2 

2 

1 

0 

0 

0 

0 

0 



6/13/17 


0? 

0 

C 

2 

2 

2 

2 

1 

1 

0 

0 

0 

0 



6/22/17 

0 

0 

0 

8 

1 

1 

o 

2 

0 

0 

0 

0 

0 

0 



8/31/17 

0 

0 

0 

3 

1 

1 

1 51 

50 

0 

0 

0 

0 

0 



11/11/17 

0 

0 

0 

4 

1 

1 

0 

0 

1 

0 

0 

0 

0 

0 



* ++++ before treatment 


the globulin reaction i\as positne only twice This indicates one 
of the most important uses of the gold reaction It appears to be a 
more delicate index of syphilitic change in the spinal fluid than the 
Wassermann and the globulin test, and it is therefore of value in 
detecting the earliest onset of cerebrospinal lesions Tlie importance 
of this in the prophylaxis of the parasyphihtic diseases is e\ident, 
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TABLE 7 — Tuberculous Meningitis — Nine Cases 


Case 

No 

Date 

Lym- 
ph 0 
cytes 

Poly- 

nuclear 

Leuko- 

cytes 

Glob 

ulin* 

(No 

guchi) 

Colloidal Gold Reaction 

Remarks 

152 

7/18/16 

183 

20 

++ 

0 

1 5 

2 

3 

35 

4 

4 

35 

3 

0 

Pulmonary tu 
















berculosis 


7/19/17 

281 

29 

0 

1 

1 

1 5 

1 5 

1 5 

1 5 

1 

1 

1 5 

0 



7/21/16 

140 

0 

+ -i- + 

1 

5 

4 

1 5 

1 

0 

0 

0 

0 

0 


153 

1/30/17 

81 

0 


1 

1 

1 

O 

2 

2 

0 

0 

0 

0 


151 

8/ 6/17 

so 

1,470 

-i- 

1 

1 

2 

2 

1 

0 

0 

0 

0 

0 



8/ 9/17 

90 

210 

+ 

4 

1 

3 

2 

1 

0 

0 

0 

0 

0 



8/10/17 

324 

486 

-f 

1 

1 

1 

1 

2 

3 

1 

3 

0 

0 


155 

8/ 9/17 

344 

56 


1 

1 

1 

2 

2 

0 

0 

0 

0 

0 


166 

12/ 5/16 

171 

9 

-n- 

1 

1 

2 

2 

2 

2 

1 

1 

0 

0 



12/ 6/17 

393 

12 

++ 

1 

1 

1 

1 

2 

2 

0 

1 

0 

0 



12/10/16 

182 

15 

++ 

1 

1 

1 

2 

3 

3 

2 

1 

0 

0 


157 

11/20/16 

450 

0 


1 

1 

1 

1 

2 

3 

3 

3 

0 

0 


158 

6/26/17 

90 

0 

+ 

1 

1 

1 

2 

2 

1 

1 

0 

0 

0 


159 

6/29/17 

88 

0 


1 

1 

1 

1 

3 

3 

1 

2 

0 

0 



7/ 2/17 

98 

0 

+ 

1 

2 

1 

3 

3 

4 

2 

2 

0 

0 


74 

12/ 2/16 

126 

0 

4* 

1 

1 

1 

2 

2 

2 

0 

0 

0 

0 



12/ 5/16 

316 

16 

4- + 

1 

1 

1 

1 

2 

2 

1 

1 

0 

0 



* The 'Wasserinxnn reaction ivas negative in every case in vhich it vas perlormcd 


TABLE 8 — Meningitis — Ten Cases 





Poly- 

Glob 












Case 


Lym 

nuclear 

ulin* 












No 

Date 

pho 

Leuko 

(No 


Colloidal Gold Test 


Remarks 



cytes 

cytes 

guchi) 












160 

7/ 8/17 

4 

0 

0 

1 

1 

2 

3 

3 

1 

0 

0 

0 

0 

0 

Serous meningitis 


7/16/17 

4 

0 

0 

1 

1 

2 

2 

2 

1 

0 

0 

0 

0 


161 

5/15/17 

1,360 

5,440 

-1- 

1 

1 

1 

1 

1 

2 

3 

0 

0 

0 

Epidemic cerebrospinal 
meningitis 

Epidemic cerebrospinal 

162 

5/15/17 

440 

660 

+ 

0 

0 

0 

0 

1 

1 50 

0 

1 

1 

163 

12/21/16 














meningitis 

152 

8 

++ 

0 

0 

0 

0 

0 

1 

2 

1 

3 

1 

Lobar pneumonia, mflu 

164 

3/ 4/17 

38 

342 

+ 

0 

0 

0 

0 

0 

2 

4 

2 

2 

1 

Pneumococcus meningitis, 

165 

4/24/17 














lobar pneumonia 

140 

1,260 

+ 

0 

0 

0 

0 

0 

0 

0 

1 

1 52 

Acute purulent menin 

166 

5/28/17 

3,750 

8,750 












gi tis (pneumococcus) , 
ethmoiditis, purulent 

+ + 

0 

1 50 

0 

0 

1 

52 

1 51 

1 

Epidemic cerebrospinal 

167 

11/17/16 

267 













meningitis 

513 

+ — h 

0 

1 

1 

1 

1 

1 

3 

4 

4 

3 

"Septic meningitis (pneu 

168 

3/22/17 

280 

120 

+ 

1 

1 

2 

3 

3 

2 

0 

0 

0 

0 

mococcus) 

Cerebrospinal meningitis 


4/ 6/17 

1,400 

0 

+ 

2 

2 

3 

4 

3 

2 

1 

0 

0 

0 


169 

1/22/17 

64 

1 

+ 

1 

1 

1 

2 

1 

0 

0 

0 

0 

0 

Acute septic meningitis 


j 1/23/17 

12 

0 


1 

1 

1 

1 

1 

0 

0 

0 

0 

0 



* In every case in \\hich the Wassermann reaction vas performed it vas negative 
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and every syphilitic with a positive blood Wassermann should ha\e 
the colloidal gold reaction done on the spinal fluid in order that proper 
treatment may be begun at a stage before permanent organic lesions 
have developed 

Three cases of poliomyelitis gave a pathologic gold cur\e in each 
instance, though the cells were below 10 in all three, and in one case 
the globulin reaction was negative In one case the curve vas in the 
paretic zone, and m the other two, it was of the syphilitic type 

Four cases of congenital syphilis are recorded Of these, three 
gave positive blood Wassermanns, and one gave a positive spinal fluid 
Wassermann Two of the cases gave a gold curve in the syphilitic 
zone, while two, both with negative spinal fluid Wassermann reactions, 
gave only irritation curves 

There are nine cases of tuberculous meningitis These all gave 
curves chiefly m the syphilitic zone Of ten other cases of non- 
tuberculous meningitis, all except one case of epidemic cerebrospinal 
meningitis gave curves which for the most part are characterized by 
a displacement to the right, which is typical of acute meningeal inflam- 
mation One case is of interest because, although the cell count and 
the globulin reaction were both negative, so that the diagnosis of 
serous meningitis was made, the gold curve was a well marked one 

We have records of tests in 102 cases of miscellaneous conditions, 
in many of which pathologic curves were obtained, though not with 
sufficient regularity to be of definite diagnostic value For example, of 
12 cases of chronic nephritis, 7 gave only irritation curves, while in 
4 cases accompanied by uremia, there was a well marked elevation in 
the syphilitic zone In one of these the spinal fluid Wassermann w^as 
positive, though the cell count and globulin reaction were negative 
In another case, there w^as complete flocking out of the gold in 7 of 
the 10 tubes Of 5 cases of hysteria, 4 gave only irritation cur\es, 
but 1 wuth a positive globulin reaction and negative blood and spinal 
fluid Wassermann gave a syphilitic curve Out of 3 cases of multiple 
sclerosis 1 w'as negative, another wnth positive blood and spinal fluid 
Wassermann, globulin reaction, and increased cell count ga\e first a 
syphilitic cuiA^e and ten days later a paretic cur\'e A third case in 
wdiich the diagnosis was somewdiat in doubt gave a syphilitic curve, 
though the blood and spinal fluid W^assermann, globulin, and cell count 
were all negative In 2 cases diagnosed as neurasthenia there were 
cun'es in the syphilitic zone, though the blood and spinal fluid Was- 
sermann, cell count, and globulin reaction wxre all negative, which is 
of interest as indicating a possible organic basis for the symptoms 
One of the two cases of epilepsy ga\ e a negative cur^ e, and the other 
a syphilitic cuiwe though the other reactions w ere all negatu e Three 
of the 4 cases of chorea ga-\e negatne curies, and the fourth a low 
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TABLE 9 — Miscellaneous Conditions — 104 Cases 




Wassermann 

Glob 

Dj m- 

Poll 









ISG 




ulin 

pho 

nuclear 




















0 

Date 


Spinal 

(No 

cytes 

Lcuko 

Oolloidal Gold Test 


Diagnosis 



Blood 

riuid 

Luclii) 


cjtcs 









G 

4/16/17 

0 

+++ 

0 

4 

0 

1 1 

2 3 2 

2 

1 

0 

0 

0 

Chronic dilTuse nephritis, 














uremia 

9 

8/ 7/17 

0 

0 

0 

S 

0 

1 1 

12 1 

0 

0 

0 

0 

0 

Chronic nephritis ure 














mia diabetes mellitus 

L2 

10/24/lG 

0 

0 

0 

3 

0 

1 1 

111 

0 

0 

0 

0 

0 

Chronic diffuse nephritis, 














acute endocarditis, mi 
tral insufficiency, right 
















pleurisy -with effusion 

14 

5/ 2/17 

0 

0 

0 

4 

0 

1 1 

110 

0 

0 

0 

0 

0 

Chronic nephritis 

19 

7/30/17 j 

0 

0 




1 1 

112 

3 

3 

1 

0 

0 

Chronic nephritis, ure 














min, cjstic adenoma ot 
breast, colloid goiter. 









1 







cerebral hemorrhage, 

fibroids ot uterus 

X) 

11/ 6/lC 

0 

0 

+ 

7 

0 

5 5 

4 4 4 

6 

5 

5 

5 

5 

Chronic interstitial ne 














phrltls, cardiac hyper 
tropiiy, cerebral sclero 
sis, left hemiplegia 


r7 

12/10/16 

0 

0 

0 

3 

0 

1 1 

2 3 3 

3 

2 

1 

0 

0 

Chronic nephritis, arterio 















sclerosis, hypertension 

m 

2/16/17 

± 

0 

0 

5 

0 

1 1 

110 

0 

0 

0 

0 

0 

Chronic nephritis, transi 















tory uremia 

58 

5/26/17 

0 

0 

0 

6 

0 

1 1 

111 

0 

0 

0 

0 

0 

Chronic nephritis, eczema 

59 

10/21/17 

0 

0 

0 

4 

0 

050 

50 50 50 

0 

0 

0 

0 

0 

Chronic diffuse nephritis 


11/14/17 













hypertension, cardiac 

hypertrophy 

DO 

++++ 

0 

0 

8 

0 

0 50 

50 50 50 50 

0 

0 

0 

0 

Nephritis, chronic endo 


10/30/17 













carditis 

03 

0 

0 

j 



1 1 

1 1 50 30 

0 

0 

0 

0 

Chronic nephritis, pul 

8 

4/29/17 













monary tuberculosis 

0 

0 

0 

5 

0 

1 1 

2 2 1 

1 

0 

0 

0 

0 

Hysteria 

42 

9/28/17 

"4* 

± 

0 

6 

0 

1 152 151 

0 

0 

0 

0 

0 

Hysteria 

55 

6/17/17 

0 

0 

0 

3 

0 

0 0 

0 0 0 

0 

0 

0 

0 

0 

Hysteria 

84 

9/18/17 

0 


0 

IB 

0 

0 50 50 50 0 

0 

0 

0 

0 

0 

Hysteria 

97 

4/ 2/17 

0 

0 

+ 


0 

1 1 

2 2 1 

0 

0 

0 

0 

0 

Hysteria 


4/14/17 

0 



iB 

0 

1 1 

12 2 

1 

0 

0 

0 

0 


4 

10/ 5/17 

0 

0 

0 

4 

0 

1 1, 

52 52 52 

0 

0 

0 

0 

0 

Multiple sclerosis ? 

17 

4/ 3/17 

0 

0 

+ 

3 

0 

0 0 

0 0 0 

0 

0 

0 

0 

0 

Migraine 

SO 

9/ 6/17 

0 

0 

0 

3 


1 1 

111 

0 

0 

0 

0 

0 

Epilepsy 

31 

4/14/17 

0 

0 

0 

3 

0 

1 1 

2 2 2 

1 

1 

0 

0 

0 

Neurasthenia 

33 

2/ 7/17 

2/16/17 

AO 

AO 

0 

0 

6 

0 

1 1 

2 3 3 

2 

0 

0 

0 

0 

Hcmatomycha, transverse 
myelitis 


0 

4- 

17 

0 

3 1 

3 2 3 

4 

3 

2 

0 

0 

34 

6/16/17 


0 

++ 

30 

0 

1 1 

111 

1 

1 

0 

0 

0 

Polio-encephalitis 

43 

11/12/16 

0 

0 

0 

4 

0 

1 1 

110 

0 

0 

0 

0 

0 

Chorea 


11/20/16 


0 




1 1 

12 1 

0 

0 

0 

0 

0 


48 

10/ 6/17 

0 

0 

0 



1 1 

1 51 51 

50 

0 

0 

0 

0 

Chorea 


10/16/17 


0 

0 

6 

0 

05050505050 

0 

0 

0 

0 


52 

7/ 5/16 

+ 

0 




1 51 

111 

1 

1 

1 

1 

1 

Transverse myelitis (syph 

Cl 

7/26/17 

0 

0 

? 

7 

0 

1 1 

110 

0 

0 

0 

0 

0 

ilitic?) 

PsychoneuroEis 

C5 

4/22/17 

0 

0 

0 

2 

0 

1 1 

2 3 3 

1 

0 

0 

0 

0 

Neurasthenia, toxic neur 

6C 

9/28/17 

0? 

0 

0 

3 

0 

1 1 

1510 

0 

0 

0 

0 

0 

itis 

Headache 
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TABLE 9 — Miscellaneous Conditions — 104 Cases — (Continued) 


Case 

No 

Date 

■Wassemaim 

Glob 

ulm 

(No 

guchi) 

Lym- 

pbo 

cjtes 

Poly 

nuclear 

Leuko 

Cites 

Colloidal Gold Test 

Diagnosis 

Blood 

Spmal 

I'luid 

72 

12/ 7/16 

0 

0 

0 

3 

0 

111 

2 

2 

1 0 

0 

0 

0 

Obronic alcoholism with 















edema of brain, pleurisy 















with effusion, pulmo- 






/ 









nary tuberculosis 

76 

12/10/10 

0 

0 

0 

6 

0 

112 

2 

2 

1 0 

0 

0 

0 

Sciatica 

13 

0/ 5/17 

0 

0 

•h 

12 

0 

112 

3 

2 

2 0 

0 

0 

0 

Alcoholic neuritis, dellr- 















lum tremens 

79 

7/24/17 

0 

0 

+ 

128 

2 

111 

0 

0 

0 0 

0 

0 

0 

Chorea 


St 2/17 


0 

0 

3 

0 

111 

0 

0 

0 0 

0 

0 

0 

* 

£0 

emivt 

0 

0 




111 

2 

2 

0 0 

0 

0 

0 

Functional neurosis 

81 

11/ 3/16 

0 

0 

0 

4 

0 

111 

1 

1 

1 0 

0 

0 

0 

Alcoholic neuritis 


11/ 7/16 



0 

3 

0 

111 

15150 0 

0 

0 

0 



11/13/16 



0 

6 

0 

111 

1 

0 

0 0 

0 

0 

0 


82 

nmni 

0 

0 

? 

10 

0 

! 1 1 1 

2 

1 

1 0 

0 

0 

0 

Paralysis due to totio 

86 

10/17/16 



0 

6 

0 

0 0 0 

0 

0 

0 0 

0 

0 

0 

Chronic chorea 


11/14/17 




6 

i 0 

111 

0 

0 

0 0 

0 

0 

0 


9i 

7/15/17 

0 

0 

0 

4 

0 

111 

1 

1 

0 0 

0 

0 


Traumatic neurosis 

101 

mism 

+ + + 

+ + + 

T-'f 1 

23 

1 

0 

1 153 

2 

150 50 

0 

0 

1 

0 j 

Multiple sclerosis 


11/25/17 

+++ 

+ + + 

t -f"i' 

13 

0 

5 5 4 

8 

2 52 1 

0 

0 

0 i 


102 

11/17/17 

0 

0 

1 +++ 

7 


0 0 0 

0 

0 

0 0 

0 

0 

0 

Multiple sclerosis? 

7 

6/29/17 

0 

0 

1 

+ : 

6 

1 

0 i 

1 1 1 

1 

2 

2 2 

1 

0 

0 

Cerebral tumor 

5 

1/18/17 

0 

0 ! 


1 


111 

1 

2 

2 1 

0 

0 

i 

0 

Cerebral hemorrhage. 



1 












glaucoma 

23 

5/14/17 


0 

0 

3 

0 

0 0 0 

0 

0 

0 0 

0 

0 

0 

Hemiplegia 

26 

2/10/17 

0 

0 


8 

0 

111 

2 

2 

1 0 

0 

0 

0 

Hemiplegia 

28 

Qimn 

0 

0 

0 

4 

0 

151 1 

1 

1 

0 0 

0 

0 

0 

Hemiplegia 

36 

6/23/17 

0 

0 

+ 

4 

0 

0 0 0 

0 

0 

0 0 

0 

0 

0 

Partial left hemiplegia; 















multiple cerebral soften- 

93 

1115/17 

0 

0 

+ 

108 

0 

111 

2 

2 

1 0 

0 

0 

0 

Hemiplegia 

50 

10/ 3/17 

0 

0 

0 

5 

0 

051 1 

1 

0 

0 0 

0 

0 

0 

Spastic paraplegia (lat- 















oral sclerosis?) , secon- 















dary anemia 

63 

4/ 1/17 

0 

0 

0 



111 

1 

0 

0 0 

0 

0 

0 

Neuralgia of fifth facial 

90 

3/30/17 

0 

0 

0 

6 

0 

112 

2 

1 

0 0 

0 

0 

0 

Epilepsy, Pott’s disease 

32 

1I/I4/I6 

0 

0 

"f* 

8 

0 

111 

1 

1 

I 1 

0 

0 

0 , 

Chrome alcoholism 

40 

6/11/17 

0 

0 

0 

4 

0 

111 

1 

1 

0 0 

0 

0 

0 

Alcoholic neuritis 

70 

11/24/16 

0 

0 

+ 

15 

0 

111 

2 

2 

2 1 

0 

0 

0 

Brain tumor 


11/30/16 

0 

0 




111 

2 

2 

2 1 

0 

0 

0 



12/ 7/16 

0 

0 

+ 

9 

0 

111 

2 

2 

2 1 

0 

0 

0 



12/10/15 

0 

0 

H — h 

32 

0 

1 1 1 

2 

2 

3 1 

0 

0 

0 



12/21/10 

0 

0 

+ 

15 

0 

111 

2 

3 

2 1 

1 

0 

0 



1/ 3/17 

0 

0 

0 

6 

0 

111 

2 

2 

2 3 

2 

0 

0 


10 

1/ 8/17 

0 

0 

0 

5 

0 

111 

2 

2 

1 0 

0 

0 

0 

Chronic myocarditis 
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TABLE 9 — Miscellaneous Conditions — 104 Cases — (Couituucd) 




Wassennann 

Glob 

Lym 

Poll- 










Case 




ulin 

pho 

nuclear 























Date 


Spinal 

(No- 

cytes 

Leuko 


Colloidal Gold Test 


Diagnosis 



Blood 

Fluid 

guchi) 


cytes 









19 

5/21/17 

0 

0 

0 

3 

0 

1 

1 

2 

3 

2 11 

0 

0 

0 

Aortic ancurjsm 

21 


0 


0 

5 

D 

1 

1 

1 

151 1 0 

0 

0 

0 

Chronic myocarditis 

37 

8/ 7/17 


0 

0 

4 


0 

0 

0 

0 

0 0 0 

0 

0 

0 

Chronic endocarditis, 















chorea 

41 


+ +++ 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 0 

0 

0 

0 

Clironic endocarditis 

45 

7/27/17 


0 

0 

8 

0 

1 

1 

1 

0 

0 0 0 

0 

0 

0 

Chronic cardiac valrulnr 















disease, chronic cardiac 
insufDciency, chronic 

dilatation, aortitis. 



10/ 8/17 














manic depressive psy 
chosis 

57 


0 

0 

5 

0 

1 

1 

1 

1 51 51 50 

0 

0 

0 

Endocarditis 

62 

7/19/17 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 0 0 

0 

0 

0 

Aortic aneurysm of arch 


5/28/17 














arteriosclerosis and 

hypertension 

S7 

+ + J- + 

0 

0 

2 

0 

1 

1 

2 

2 

3 2 1 

0 

0 

0 

Aortic aneurysm, celiac 

S9 

5/30/17 














n\is aneurysm 


0 

0 

16 


1 

2 

3 

2 

2 10 

0 

0 

0 

Paroxysmal tachycardia 

18 

5/22/17 


0 

0 

10 

0 

1 

1 

1 

2 

10 0 

0 

0 

0 

Lobar pneumonia 

29 

2/ 1/17 

0 

0 

0 

12 

0 

1 

1 

1 

1 

110 

0 

0 

0 

Lobar pneumonia 


2/ 2/17 

0 

0 

0 

8 

0 

0 

0 

0 

0 

0 0 0 

0 

0 

0 



2/ 4/17 



0 

5 

0 

1 

1 

1 

1 

0 0 0 

0 

0 

0 


69 

4/13/17 



0 

5 

0 

1 

1 

2 

2 

2 2 0 

0 

0 

0 

Lobar pneumonia 

92 

C/23/17 


0 

-H 

45 

0 

0 

0 

0 

0 

0 0 0 

0 

0 

0 

Lobar pneumonia 

88 

S/ll/17 


0 

0 

4 

0 

1 

1 

1 

1 

0 0 0 

0 

0 

0 

Bronchopneumonia, otitis 

14 

6/ 9/17 














media 

0 


-!- 



1 

2 

2 

1 

0 0 0 

0 

0 

0 

Acute bronchitis, chronic 


11/ 8/16 














emphysema 

i5 

0 

0 

0 


liB 

1 

152 

2 

1 31 50 

0 

0 

0 

Acute miliary tuberculosis 

1 

1/22/17 

0 


0 

B 

0 

1 

2 

2 

2 

0 0 0 

0 

0 

0 

Phimosis, mental defl 
ciency 

Intestinal Intoxication, 

2 

7/ 7/17 

0 

0 

0 


0 

1 

2 

2 

3 

110 

0 

0 

0 


1/30/17 




m 










arteriosclerosis, hyper 
tension, pyelitis, aort 
itis 

3 

0 

0 

0 


0 

0 

0 

0 

0 

0 0 0 

0 

0 

0 

Chronic intis 

11 

2/26/17 

0 


0 

B 

0 

1 

1 

1 

2 

111 

0 

0 

0 

Acromegaly 

15 

8/27/17 

0 

0 

0 

WM 

0 

2 

2 

1 

1 

0 0 0 

0 

0 

0 

Acute gastro enteritis 

16 

12/15/16 

0 





1 

1 

1 

1 

113 

1 

0 

0 

Hydrocephalus 

20 

4/16/17 

0 

0 

-f 

2 

0 

1 

1 

2 

1 

0 0 0 

0 

0 

0 

Eecurrent carcinoma of 

22 

3/11/17 














uterus, pelvic and spinal 
(?) metastases 

0 

0 

0 

5 

0 

1 

1 

1 

1 

10 0 

0 

0 

0 

Goldthivaite’s disease 
















subluxation of sacro 

24 

1/11/17 

0 

0 

0 

3 

0 

1 

1 

1 

2 

110 

0 

0 

0 

iliac joint 

Hypertension 

25 

2/28/17 


0 

0 

5 

0 

0 

0 

0 

0 

0 0 0 

0 

0 

0 

Uveitis, posterior synech 
















iae, panophthalmitis. 

27 

3/26/17 

0 

0 

-E? 


0 

1 

1 

1 

2 

3 0 0 

0 

0 

0 

neurasthenia 

Ischiorectal abscess 

35 

10/29/16 

0 

0 

0 

1 

0 

1 

1 

1 

15150 0 

0 

0 

0 

Menopause 

39 

6/13/17 

0 

0 


4 

0 

1 

1 

1 

1 

0 0 0 

0 

0 

0 

Tumor of right brachial 

















artery 
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TABLE 9 — ^Miscella'neous Conditions — 104 Cases — (Continued) 




Wassermann 

Glob 

Lym- 

Poly 










Case 




ulin 

pho- 

nuclear 






















No 

Date 


Spinal 

(No- 

cytes 

Leuko 


Colloidal Gold Test 


Diagnosis 


Blood 

Fluid 

guchi) 


cytes 









1 

4G 

5/28/17 

0 

0 


20 

0 

1 

1 

12 0 

0 

0 

0 

0 

0 

N 

Iliac thrombosis, pelvic 
>. tumor? 


8/15/17 


0 




1 

1 

10 0 

0 

0 

0 

0 

0 


47 

9/22/17 

0 

0 

0 

3 

0 

0 50 50 50 50 

0 

0 

0 

0 

0 

Gastric neurosis and flat 














ulence, gonorrheal cer 

VlCltlS 



51 

1/26/17 

0 

0 

0 

6 

0 

1 

1 

110 

0 

0 

0 

0 

2 

Chronic gastritis 

53 

11/30/16 

0 

0 

0 

9 

0 

1 

1 

111 

0 

0 

0 

0 

0 

1 Retroversion, fibroid (?), 
uterus 

54 

5/21/17 

0 

0 


2 

0 

1 

1 

12 1 

1 

1 

0 

0 

0 

Chronic septic arthritis, 
hip 

Endarteritis (syphilitic ?) 

5G 

10/10/16 

0 

0 

++ 

8 

0 

, 0 

0 

oil 

0 

0 

0 

0 

0 






1 








spinal cord 

58 

10/19/16 


0 

+++ 

20 

0 

0 

0 

0 0 1 

1 

15151 

0 

Sarcoma, right popliteal 





1 







1 

region, spinal cord met- 
astasis 




69 

12/16/16 

0 

0 

0 

3 

0 

1 

1 

2 2 2 

1 

1 

0 

0 

0 

Gastric ulcer 


6/29/17 

0 

0 



i 

1 

1 

1 

12 1 

1 

2 

0 

0 

0 


64 

7/13/17 

0 

1 

1 ^ 

0 

3 

0 

1 

2 

2 10 

0 

0 

0 

0 

0 

Chronic dioleeystitis 

67 

7/ 9/17 

0 

1 0 

1 

4* 

6 

0 

1 

1 

2 3 2 

0 

0 

0 

0 

0 

Acute epididymitis 

68 

10/15/16 

Q 

0 

0 

3 

0 

1 

1 

1 15150 

0 

0 

0 

0 

Carcinoma of stomach 

71 

3/21/17 




10 

0 

1 

1 

111 

1 

1 

0 

0 

0 

Congenital polycystic kid- 
neys, acute uremia 
Splenomegaly 

73 

10/25/16 

0 

0 

1 

8 

0 

0 

0 

1 16151 

50 

0 

0 

0 


11/ 7/17 

0 

0 


1 

1 

1 

1 

152 2 

1 51 

0 

0 

0 



11/13/16 

+ 

0 

-1- 

8 

0 

1 

1 

1 152 

1 51 

0 

0 

0 



11/16/16 

0 

0 

+ 

21 

4 

1 

1 

1 152 

2 

2 

1 

1 

0 



11/29/16 

0 

0 

+ 

15 

0 

1 

1 

12 3 

3 

1 

0 

0 

0 



1/30/17 


0 

+ 

3 

0 

1 

1 

111 

1 

0 

0 

0 

0 


83 

8/23/17 

0 


0 

3 

0 

1 

1 

10 0 

0 

0 

0 

0 

0 

Acute enteritis 

85 

2/22/17 


0 

+ 

4 

8 

1 

1 

110 

0 

0 

0 

0 

0 

Fractures, base of skull, 


10/ 8/17 














and leg 

91 


0 

0 

3 

0 

0 

1 

1 51 51 

0 

0 

0 

0 

0 

Duodenal ulcer 

95 

7/ 7/17 

+ + + + 

0 

-1- 

6 

0 

1 

1 

2 10 

0 

0 

0 

0 

0 

Acute rheumatic fever 

96 

9/25/16 

0 

0 

0 

4 

0 

0 

0 

0 0 0 

0 

0 

0 

0 

0 

Chronic otitis media. 

98 

10/ 5/17 

0? 

0 












epilepsy (?) 

0 

4 

0 

1 

2 

2 53 1 

0 

0 

0 

0 

0 

Carcinoma of liver 

104 

10/31/17 

0 

0 

-1- 

7 

0 

0505051 1 

0 50 

0 

0 

0 

Chronic infective arthritis 


syphilitic curve, the other tests being negative One case of transverse 
myelitis gave only an irritation curve, and another a syphilitic curve, 
the other tests being negative There were 5 cases of chronic alco- 
holism Two of these, one in which the diagnosis of edema of the 
brain was made, and the other with delirium tremens, gave syphilitic 
curves, though the Wassermann reactions were negative, but 3 cases 
with peripheral neuritis gave only irritation curves Two cases of 
brain tumor with positive globulin reactions, but negative Wassermann 
reactions, gave curves showing a slight displacement to the right 
Of 5 cases of hemiplegia, 3 gave negative curves and 2 syphilitic 
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curves, though the Wassermann tests were negative A curious obsei- 
vation was that in a case of paroxysmal tachycardia there ^\ere 16 
cells per cubic millimeter and the gold curve was in the syphilitic 
zone, though the Wassermanns were negative 

In comparing the gold curve and the spinal fluid Wassermann the 
following may be said In our series comprising 24 cases of tabes, 
22 of cerebrospinal syphilis, 22 of tertiary syphilis, 6 of general paresis 
and 4 of congenital syphilis, or 78 altogether, there were no instances 
m which at the first examination the spinal fluid Wassermann was 
positive but the gold curve was negative There were two cases, 
however, m which the spinal fluid Wassermann was positive and the 
curve was under two m the scale at the first examination These were 
both cases of cerebrospinal syphilis, and m one (No 118) only a 
single examination was made, but m the other (No 125), although 
the first examination gave a curve under two, a later one showed a 
good syphilitic reaction 

On the other hand, m these 78 cases there were 33 m which at the 
first examination the spinal fluid Wassermann was negative, but the 
gold curve was pathologic m character In 16 of these cases the 
curve reached 2 or over m the scale, and it is particularly interesting 
to note that 7 of these instances occurred m cases of tabes 

CONCLUSIONS 

1 It must be emphasized that each of the different tests on the 
spinal fluid is of value only as a single factor m the entire examination, 
and that no one test alone is pathognomonic 

2 The colloidal gold reaction is the most sensitive indicator we 
have of pathologic changes m the spinal fluid, the globulin reaction 
closely approaching it m delicacy 

3 Uremia, neurasthenia, serous meningitis, hemiplegia and chronic 
alcoholism may give a curve m the syphilitic zone 

4 If the gold reaction is negative, it is highly probable that the 
spinal fluid Wassermann will also be negative 

5 An important application of the gold reaction is m the recogni- 
tion of the earliest stages of cerebrospinal syphilis, and its routine 
employment m all syphilitics is to be recommended as an aid m the 
prophylaxis of the parasyphilitic diseases 

680 Madison Avenue 
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Within the past few years, there has been a growing interest in 
the association and relation between anaphylaxis and asthma The 
original theories of this relation have been often discussed 

This growing interest has served to emphasize the important point 
that the diagnosis of bionchial asthma is only the fiist step in the 
diagnosis of the absolute cause of the particular patient’s difficulty 
The writer’s purpose in this present work has been to determine 
the cause of asthma in the 150 patients who foim the basis of this 
report and, if possible, to arrange these patients in groups These 150 
patients were seen in the out-patient depaitment and wards of the 
Massachusetts General Hospital, and a few outside the hospital 
Each patient had been previously studied by a competent internist 
Organic lesions of the heart, lungs and blood as a cause of dyspnea, 
had been considered and ruled out, often only after sputum examina- 
tions and roentgen-ray examinations of the chest had been made 
Each patient gave a history of attacks of shortness of bieath 
accompanied by wheezy respiration, for which attacks no obvious 
cause could be found by the ordinary clinical examination 

In each case, the diagnosis of asthma had been made previously, 
and on this account the patient was lefeiied to the writei Such diag- 
noses were accepted without further study 

ETIOLOGIC FACTORS 

The pievalent and generally accepted theoiy today is, as Meltzer^ 
originally pointed out, that asthma is a clinical manifestation of 
anaphylaxis , that these patients with asthma are sensitized to various 
foreign proteins which are either inspired or ingested fiom without 
the body or absorbed from some focus of infection or suppuration 
within the body The cases in this leport have been studied m the 
light of this theory 

* Submitted for publication March 20, 1918 

t the medical service of the Massachusetts General Hospital, Boston 
^ ^ Anaphvlaxis and Asthma, Jour Am Med Assn, 1910, 
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The medical literature of recent years is full of attempts to find 
the cause of asthma The uork of Walker is especially brilliant and 
the reader is referred to his original papers, ^ and to his excellent 
summary® for full details 

Asthma from inhalations of horse hair,® plant pollens,® feather 
dust,® etc , from eating of eggs,^ berries,® fish,® cereals," etc , are all 
known, and such cases will be referred to m the present paper as 
having an extrinsic cause of their asthma Intrinsic causes are also 
well recognized, that is, where the cause lies within the patient’s body 
For example, there is much literature dealing with the relation of 
pathologic conditions in the nose and throat to asthma 

Grant® summarizes the findings m his 107 cases, and records 
improvement or cures of asthma in forty-five out of fifty-nine cases 
treated for nasal disease Abbott,'' Gottlieb^® and Bonnier^® all con- 
sider the nose and throat and local treatment directed to it, as being 
important Matthews^® from the Mayo Clinic says that m over 90 
per cent of the cases the principal etiologic lesions are in the upper 
respiratory tracts, and that treatment is successful m proportion as 
free and continuous drainage is obtained 

The cases of Davies^® illustrate other mtnnsic causes where the 
asthma was apparently relieved by the appropriate treatment of such 
conditions as uterine displacement, undescended testicle, abdominal 
ptosis, constipation, dysmenorrhea, etc, and A\here, because of this 
relief, the author claimed an etiologic relationship between these con- 
ditions and the asthma 

Hare^^ has seen asthma associated with malaria, migraine, epilepsy, 
Raynaud’s disease, etc 

2 Walker, I C Studies in Bronchial Asthma, Jour Med Research, 
1917, 31 , 243 

3 Walker, I C Studies on the Cause and the Treatment of Bronchial 
Asthma, Jour Am Med Assn , 1917, 69 , 363 

4 Schloss, O M Am Jour Dis Child, 1912, 14 , 341 

5 Frost, L C A Case of Intense Food Anaphjlaxis, Med Rec, New 
York, 1915, 88, 483 

6 Muhsam and Jacobson Deutsch med Wchnschr , 1914, 40 , 1067 

7 Smith, HR The Archives Int Med, 1909, 3, 350 

8 Grant, Dundes Nasal Disease in Relation to Asthma, Practitioner, Lond 
1913, 90 , 914 

9 Abbott, W J Bronchial Asthma and the Relation of Nasal Conditions to 
It, Am Jour Otol , Rhin and Laryngol , 1914, 33, 83 

10 Gottlieb Etiology and Treatment of Bronchial Asthma, New York Med 
Jour, 1917, 106, 313 

11 Bonnier Arch gen de med , Pans, 91 , 197 

12 Matthews, J Med Rec, New York, 1914, 84 , 507 

13 Da\ies, B C A Clinical Study of Asthma, Jour Am Med Assn, 1914, 
62, 1006 

14 Hare, F Varieties and Treatment of Asthma, Brit Med Jour, 1911, 
2 , 1442 
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Babcock’s case^^ is also interesting in which the asthmatic attacks 
were definitely related to cessation of drainage from an infected gall- 
bladder 

Jackson^® has distinguished two types of experimental asthma, 
(1) that due to stimulation of the broncho-constricting muscles 
directly, and (2) the type due to the stimulation of the nerves to these 
muscles He does not indicate more remote causes or attempt to 
group cases, his work being done entirely with animals 

It IS worth while here to review briefly some of the facts of experi- 
mental anaphylaxis A sensitized gumea-pig will react always to a 
parenteral introduction of the protein or proteins to which he is sensi- 
tized , this reaction being either local or general according to the dose 
and method of administration He will not react to other proteins , the 
reaction is thus highly specific The reaction takes place at once and 
its intensity varies with the size of the reinjection dose In case of 
recovery, the gumea-pig will not again react to the same foreign 
protein until after a certain latent period 

When, on the other hand, we come to study critically many cases 
of asthma, we find that most of these well recognized postulates of 
experimental anaphylaxis do not obtain But there are certain obvious 
differences 

In the first place, we are dealing with man and not animals In 
the second place, we are dealing with cases of natural sensitization 
and, as Dr Longcope^^ has pointed out, there are many differences 
between this and artificial sensitization, for as he showed, in naturally 
sensitive men, the susceptibility is very great, reactions often of 
violent character being readily produced by minute quantities of the 
particular proteid, the susceptibility is often shown toward several 
proteins at once and is, therefore, multiple , and finally, natural sensi- 
tiveness has a tendency to occur in families 

One method of demonstrating this sensitiveness or susceptibility 
IS by the use of the skin test 

The fact that persons who are sensitive to proteins give a local 
reaction to the application of that protein in the skin was brought out 
as long ago as 1910 by Moss,^® who also found^® that artificially sensi- 

15 Babcock, R H The Nature and Treatment of Bronchial Asthma, Jour 
Am Med Assn , 1915, 64 , 2115 

16 Jackson, D E Pharmacology of Bronchial Asthma, Jour Lab and Chn 
Med, 1915, 1 , 126 

17 Longcope, W T Susceptibility of Man to Foreign Proteins, Am Jour 
Med Sc , 1916, 152 , 625 

I 18 Moss Jour Am Med Assn , 1910, 55, 776 

I 19 Knox, Moss and Brown Subcutaneous Reactions of Rabbits to Horse 

Serum, Jour Exper Med , 1910, 12 , 562 
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tized rabbits develop a positive skin test to the original protein after 
an incubation period of from seven to ten days 

Since then, and especially m recent years, the skin test has had 
wide usage, when its application to the diagnosis of hay fever, horse 
asthma and many other conditions thought to be dependent on an 
anaphylactic background has been frequent and usually satisfactory 

SCOPE or THIS REPORT 

The cases in this report are essentially adults, more than half of 
them began to have asthma when they were past the age of 20 

The individual cases in this report have been studied as follows 
A careful history has been obtained in each case, the particular object 
being to discover the conditions and circumstances related to the 
attacks of asthma 

A complete physical examination has been made, including m most 
cases an examination of the nose and throat by an expert, and in 
many cases a roentgenogram of the chest 

Skin tests have been studied m nearly all the patients In this 
work the intradermal method, by which definite amounts of protein are 
injected between the layers of the skin, has been used exclusively 
The proteins used have been various animal serums , solutions of egg- 
white and extracts of plant pollens, of animal hairs, and of fish muscle, 
difterent combinations being used according to the history and findings 
in the individual cases These protein solutions were all standardized 
according to their total nitrogen content, were sterile, and gave no 
reaction in the skin of normal control individuals 

In the performance of these tests, each protein except the various 
animal serums, was diluted with 09 per cent salt solution containing 

0 5 per cent carbolic acid, so that each cubic centimeter of the result- 
ing solution contained 0 02 mg of total nitrogen In this way it has 
been possible to compare the A'^anous local reactions one with another 
in as accurate a way as possible The animal serums were each diluted 

1 100 

The tests have invariably been performed on the outer aspect of the 
upper arm beginning at the tip of the olecranon process The 0 25 c c 
pipet-synnges described by Terry^® have been found very convenient 
for making the intradermal injections, as they can be sterilized by dry 
heat, are then ready for instant use, and can be easily transported 
An injection of carbolized salt solution was always given as a control 
The typical positive reaction consists of an urticarial wheal Avhich 
appears usually within five minutes and within fifteen minutes reaches 
often from 12 to 16 mm and occasionally from 50 to 60 mm in 

20 Terry, M C Precision Syringes, Jour Infect Dis , 1913, 13 , 80 
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diameter It has sharply defined, steep borders Very characteristic 
are the pseudopodia-hke projections which extend out in all directions 
making very grotesque figures A bright pink areola with fairly 
sharp border is almost always present, but the criterion of a positive 
test has been the enlarging wheal and not this areola 

In many cases, m which a senes of tests have been done, the arm 
will present a row of elevated macules each measuring from 8 to 
12 mm with a relatively small well defined and often mottled areola 
around each, the areola measuring, perhaps, from 15 to 30 mm — the 
test with plain carbolized salt solution giving the same appearance 
There are no pseudopodia and the wheal does not enlarge as fast as 
does the areola Such results have been interpreted as showing that 
the skin of that particular person was such that any test solution 
might act purely as an irritant Such tests have obviously been dis- 
counted in the diagnosis 

More rarely, perhaps only a half of the test solutions showed this 
“irritative” reaction, these reactions have been all discounted 

It should be said that there are often all transitions between the 
true “anaphylactic” reactions and these irritative reactions, and that 
the differentiation and interpretation is often difficult The cases of 
definite susceptibility, however, almost never fail to give a true reac- 
tion to the specific protein 

Great stress has been laid on these skin tests only when results 
obtained were compatible with the patient’s history For example, if 
a patient gave a positive skin test to ragweed pollen extract and yet 
had asthma throughout the year, the test was more or less disregarded 
unless it so happened that there was a definite aggravation of symp- 
toms during the hay fever season 

Skin tests were done on a total of 127 out of 150 cases One or 
more tests were positive in 74 cases (50 per cent), and of these 74 
positive tests, 40 (in 27 per cent of the cases) were compatible with 
the patient’s history, and under these conditions the diagnosis, or at 
least one factor in the diagnosis, was assumed to be proved 
In this way these cases have been arranged m groups 
Effort has been made to keep m touch with as many patients as 
possible, to see if the course of their asthma proved to be consistent 
with the original impression and classification of the case 

Before considering the individual groups, it should be noted that 
asthmatic individuals fall into two great divisions according to whether 
their asthma depends on the susceptibility to foreign proteins without 
the body (extrinsic), or whether their asthma depends on the theo- 
retical absorption of foreign, m this case probably bacterial, protein 
from within the body (intrinsic) 
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DirrERENTiATiojsr or cases 

In order to aid in the differentiation between extrinsic and intrinsic 
cases, stress has been laid on three special points 

(1) On the Family Histoiy — ^Longcope in particular has brought 
out the hereditary tendency of natural sensitiveness Cooke-^ found 
m his 621 cases of sensitization a positive family history on one side 
in 205 cases, and a positive on both sides m 39 cases, or a positive 
family history in 48 per cent of his cases of hay fever, which, as he 
says, is in sti ikmg contrast to the 14 5 per cent of positive antecedent 
histones in seventy-six normal persons 

Talbot““ finds a positive family history m all of the 19 cases of 
asthma in children which he studied in great detail The fact that 
patients with asthma or hay fever are more likely to recognize similar 
disease in their relatives than people not suffering from this disease 
IS obvious 

It should here be said that most of the cases in this report are from 
the out-patient class, and as such do not often give competent answers 
Furthermore, they have asthma The relation of family history to 
different groups of asthma will be discussed later 

(2) On the Eosinophiha — It is known that foreign protein acts 
as an eosinotactic substance while bacteria seem to repel the eosinophil 
cells (StaublF®) 

Furthermore, according to the Ehrhch-Lazarus conception,-^ eosino- 
phiha occurs whenever epithelial or cellular destruction goes on, and as 
Schlecht says, it is of favorable significance insofar as it is an expres- 
sion of a reaction from foreign protein that has entered the body, or 
from native protein abnormally broken up inside the body 

Eosinophiha can be artificially produced in animals by the injection 
of foreign protein substances (Staubh,-'^ Schlecht"® and Proscher^^) 

And m man, after an injection of diphtheria antitoxin, there is a 
rise of eosinophils, which rise depends on the amount of serum 
injected (SchlechP^) 

If a sensitized animal is reinjected, there is at first a local eosino- 

21 Cooke, R A , and Vander Veer Human Sensitization, Jour Immunol , 
1916, 1 , 201 

22 Talbot, F B Asthma m Children, Etc, Boston Med and Surg Jour, 
1916, 175 , 191 

23 Staubh Tnchmiasis, J F Bergman, Wiesbaden, 1909 

24 Schlecht, Heinrich Arch f exper Path u Pharmakol , 1912, 67 , 137 

25 Staubh, Carl Ergebnisse der Inn Med v Kinderheilkunde, 1910, 6, 193 

26 Proscher Folia Haemat , 1905, 2, 543 

27 Schlecht, Heinrich Deutsch Arch f mn Med, 1912, 98 , 327 
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philia at the point of reinjection, and later a general increase in the 
number of these cells (Schlecht and Schwenker^®) 

On account of these many past observations, it was anticipated that 
the finding of an eosinophiha might indicate an extrinsic cause of 
asthma, and also that it might indicate resistance to the foreign pro- 
tein responsible As will be shown in the following, these hypotheses 
have not been substantiated by the present work 

(3) On Tieatment — ^This latter point needs further comment It 
is known that ordinary hay fever can be much alleviated by repeated 
parenteral injections of the particular pollen extract to which the 
patient is sensitive (Cooke,"® Goodale,®® and others) Horse asthma 
also can be successfully treated with horse hair protein (Goodale,®® 
Cooke, Walker®^), and Schloss"* treated his egg sensitive baby with 
small and repeated doses of egg-white 

Having made a tentative diagnosis of the kind of asthma in these 
patients, a good check on this diagnosis has been the result of specific 
treatment Thus, treatment often has a bearing on the diagnosis 

The treatment of asthma by repeated injections of the patient’s 
own blood defibrmated, was suggested by Kahn and Emsheimer It 
has been tried in three patients but with no permanent result 

The groups under the division of extrinsic asthma include pollen 
asthma, horse asthma and acute food asthma 

POLLEN ASTHMA 

Twenty-four cases gave a definite history of aggravation of asthma 
during the summer months, and all but five gave a positive skin test 
to extracts of one or more pollens They are, therefore, grouped 
together It seems reasonable to assume that these individuals are 
all susceptible to plant pollen This susceptibility is a highly specific 
one The onset date of the autumn asthma is, m several histones, 
almost exactly coincident with the onset date of many cases of simple 
uncomplicated hay fever, and in about half of twenty-four cases the 
asthma ceases abruptly with the first frost On these accounts, we 
may say that anaphylaxis in the strict sense plays an important part 
in these cases and that in twelve of them it is the only factor 

28 Schlecht and Schwenker Deutsch Arch f khn Med, 1912, 108, 405 

29 Cooke, R A Treatment of Hay Fever, Laryngoscope, 1915 

30 Goodale, J L Vasomotor Disturbances of the Upper Air Passages, 
Boston Med and Surg Jour, 1916, 175, 181 

31 Cooke, R A Personal Communication 

32 Walker, I C Jour Med Research, 1917, 35, 497 

33 Kahn and Emsheimer The Archives Int Med , 1916, 18, 445 
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However, m the other twelve there must be another factor, because 
these twehe cases have asthma at other times as well, the cause of 
which IS in most cases a mystery 

The five patients who failed to give a positive skin test to one or 
more of the pollens are detailed m the following reports (refer to 
Table 1) 

TABLE 1 — Pollen Asthma Twenty-Four Cases 


Case 

^o 

SeV 
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cnt 

Age 
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at 
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36 

26 

0 

+ 

+ 

+ 


0 

4,5 

10 
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d 

50 

39 

0 

+ 

+ 

1 + 


0 


26 


* cT = male, ? = female 


SUMMARY OF CASES 

Case 77 — ^This case is interesting because, although the patient gave no 
skin tests, she had a typical hay fever from July until frost, a positive family 
history, and during this hay fever often had urticaria 

Case 135 — This patient is a hostler, aged 54, with asthma for seventeen years 
which comes on only in the autumn, usually late in August In spite of a 
negative test to ragweed and no hay fever he is grouped here He might very 
possibly give a test with some other of the compositae 
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Case 36— A boy, aged 12, had asthma only during the summer In spite 
of the fact that chest roentgenograms showed the presence of a large medi- 
astinal gland, in spite of the negative skin tests and the absence of any his- 
tory of hay fever, he is inserted in this group because in the winter he is 
perfectly well 

Case 10— Although this patient had had hay fever from August until frost 
for thirty years (since the age of about 20), it was only during the past two 
autumns that he has had asthma coming at the same time with the hay fever 
However, during the past two winters he has had recurrences of asthma 
probably dependent on a chronic bronchial infection 

Case 3— This patient failed to give a positive skin test to any of seven 
different pollen extracts She was susceptible to roses and her asthmatic 
attacks most commonly began in the mountains of New Hampshire in the 
summer, and were much worse duiing her three weeks’ stay there She has 
also had slight asthma at other times 

Treatment consisting of hypodeimic injections of ragweed pollen 
has been carried out in only seven of these patients (Cases 2, 8, 32, 
49, 106, 112 and 116), but it gave definite relief in five, and one case 
was practically entirely relieved 

Case 2 — (Illustrates the importance of the skin test) A girl, aged 23, 
had asthma for three years, much worse during June and August, but also 
at times during the winter She also had hay fever and on this account was 
treated with ragweed pollen extract in spite of the negative skin test, but 
with almost no benefit It is interesting to note in passing that she has not 
developed a positive skin test as a result of the treatment 

Twelve cases not classed as pollen asthma (Cases 5, 11, 15, 20, 
35, 48, 80, 119, 123, 133, 144 and 150) gave a positive skin test to 
lagweed pollen They are of special interest since none of them had 
hay fever nor increase of their asthma during the ragweed season 
These cases show the necessity of agreement between skin test and 
history in order to prove the etiologic part played by pollen It would 
be interesting to treat some of these cases to emphasize this point 

Case 67 — (Closely related to this group) A woman, aged 31, had asthma 
for two years and also had definite hay fever together with a positive skin 
test to ragweed pollen She cannot be included in this group, because her 
asthma was not aggravated while the hay fever was in progress 

HORSE ASTHMA 

Before taking up the clinical aspect of horse asthma, it is important 
to emphasize the observations of Walker, Goodale,^'' Cooke,20 and 
others on the definite anaphylactic specificity of horse hair protein 
and of horse serum 

As will be brought out in the following pages, thirty-seven patients 
gave a positive skin test to horse hair extract, whereas only six of these 
individuals gave a positive skin test to horse serum as well 

To test further the specificity of these two substances an attempt 
was made to sensitize guinea-pigs with one substance and shock them 
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With the other, but without positive results, as shown in Table 2 The 
horse hair extract used was the same extract used for the skin tests 
and contained in this test 2 mg of nitrogen per cubic centimeter (100 
times as much nitrogen per cubic centimeter as is used for skin tests) 
This experiment shows the absence of any protein group-complex 
such as Wells®* describes as theoretically responsible for some of the 
ciossed anaphylactic reactions with various vegetable pioteins, which 
might be common to horse serum and horse hair extract 


TABLE 2 — Anaphylactic Reactions of Horse Serum 
AND Horse Hair Extract 


Guinea 
Pig No 

i 

Pirst Dose 
Intraperitoncal 

Time 1 

Interval 

j 

Second Dose 
lntra\cnous 

Hcsult 

1 

Icc horsehair 
extract 

24 dajs 1 

0 4 c c horse 
scrum 

No symptoms 

2 

Icc horse hair 
extract 

24 days 

Icc horse hair 
extract ^ 

Dead in 2 minutes 

3 ! 

0 2 c c horse 
scrum 

24 days 

Icc horse hair 1 
extract , 

No symptoms 

4 

0 ? c c horse 
scrum 

24 days 

0 5 c c horse 
scrum 

Dead in 2 minutes 


Of the thirty-seven patients with positive tests to horse hair extract, 
sixteen were considered to have horse asthma Thirteen of these gave 
a definite history of attacks occurring soon after coming near or 
remaining in contact with horses All thirteen gave a markedly posi- 
tive skin test to horse hair extract For example 

Case 34 — A fireman was much affected by asthma until the former horse 
engine was replaced by a motor vehicle, whereupon his asthma definitely 
improved Since that time, he occasionally is required to substitute at a sta- 
tion where they have horses and it is very instructive to learn that he 
becomes wheezy after being in this station fo 7 twelve hows, and again that 
this wheezing persists for about eighteen hours after he leaves the station 

This IS a different story from that of the following patient 

Case 113 — A girl, aged 22, although brought up among horses in Texas, 
taking the full care of them and riding a great deal, had no trouble until 
after the age of 14 Ever since then, whenever she rides horseback, running 
of the nose, smarting and burning in the eyes begin in a mattej of minutes 
and if the ride is a long one, definite asthma comes on and persists for an 
hour or two after the ride is over 

The time relations in these two cases are especially interesting and 
instructive Do they show more than different degrees of sensi- 
tiveness 


34 Wells, H G , and Osborne, T B Biologic Reactions of the Vegetable 
Proteins, Jour Infect Dis , 1913, 12 , 341 
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Three other patients who gave a positive skin test to horse hair 
gave also a history of asthma in attacks which were associated with 
different places and circumstances at least compatible with exposure 
to horses or other animals or to horse dust 

Case 146— A girl, aged 9, whose attacks came every other week, lasting 
one week, and who drove to school each day behind a horse 
Case 61 — ^Who had asthma when living on a farm in winter 
Case 58 — A girl, aged 10, who had asthma once a week which was definitely 
worse when the east wind blew toward her house from a stable across the way 
The girl was somewhat improved on treatment with horse hair extract 


TA.BLE 3- — Horse Asthma Sixteen Cases 
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tacks 

Between 

Attacks 

4 

d 

13 

10 

+ 

+ 

+ 


Bag 


4* 


1 13 3 









gold , 













aster 





13 

d 

38 

8 

+ 

4- 

4- 

+ 

Sera 

4- 

+ 

2 

23 









(K=o) 





.9 

9 

31 

8 

+ 

4* 

0 


Bag 


4 



34 

d 

25 

22 

+ 

+ 

0 



i 

0 


11,4 

15 

d 

60 

2 


4* 

0 


0 


+ 

53 


5S 

$ 

10 

4 

± 

4- 

1 

+ 


0 


+ 


43 

fil 

9 

40 

34 


1 

4- i 

0 




0 


5 

103 

9 

33 

1 

18 

+ 

+ 

+ 

+ 


++ 

+ 

8 

3,5 3 

113 

9 

22 

14 

+ 

+ 

0 

+ 


++ 

0 


26 

115 

9 

45 

21 

*4- 

+ 

0 


Bag 

4" 

+ 

7 6,4 


131 

9 

23 

18 

+ 

+ 

0 


Bag , 


+ 

11 










grass? 





132 

d 

29 

20 

+ 

+ 

0 


0 




46 

140 

9 

17 

15 

+ 

+ 

+ 


Bag 


+ 


9 

, 141 

9 

48 

28 

+ 

+ 

9 


Bag , 

+++ 

0 

30 

78 









grass, 













red top 





140 

9 

9% 

7 


+ 


+ 



0 

7 


157 

d 

28 

1 

+ 

+ 

+ 


Bag 


1 

+ i 




* c? = m lie, $ = female 


Of these sixteen patients, five have been under treatment with 
horse hair extracts, and all have been helped to a greater or lesser 
extent Two of these patients, Cases 13 and 103, however, were the 
subject of a paper entitled “Interesting Reactions Obtained During 
Treatment of Two Cases of Bronchial Asthma, in which rather 
alarming even though transient anaphylactic responses were described 


of 


35 Rackemann, F M Interesting Reactions Obtained 
Two Cases of Bronchial Asthma, Jour Am Med Assn 


During Treatment 
, 1917, 69 , 889 
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The other eleven have been told simply to avoid animals, and as a 
result most of them have remained comfortable Table 3 gives a gen- 
eral summary of the cases in this group 

Besides these sixteen more or less clear cut cases of horse asthma, 
there are twenty-one cases who give a positive skin test to horse hair 
and yet do not give any history of horse susceptibility 

Eight of these have already been included under pollen asthma 
They give skin tests to both ragweed and horse hair, but were classed 
as pollen cases because of the seasonal increase m their symptoms 
Five more (Cases 30, 48, 66, 80 and 119) are discussed under 
“Bronchitis,” two under “Tuberculosis” (Cases 74 and 96), two under 
“Gastro-Intestmal Asthma” (Cases 38 and 118), and four others are 
still unclassified (Cases 17, 63, 127 and 136) T\vo of these last are 
worthy of special mention 

Case 63 — A woman, aged 21, has had asthma everj' one to four weeks 
since infancy These attacks come on at all seasons of the year She repeat- 
edly gave a positive skin test to horse hair extract She has been followed 
for nearly a year When first seen she cleared up rather promptly on five 
doses of the extract and then remained well for about three months (two 
months after the end of the treatment) She has asthma at the seashore, it 
came on again soon after her arrival, thus ending the three months period 
of freedom, and the asthma returned part of every week all summer In the 
autumn, injections of horse hair extract were begun again, the improvement 
was not as marked as before, but she felt much relieved after each dose, so 
that now she returns to the hospital for treatment whenever she feels another 
attack IS pending She gives no history of being sensitive to horses Her 
attacks are in no way associated with them and yet the injection of extract 
seems to have a definite effect In this way, she seems to be an exception to 
the doctrine of the necessary positive history 

Case 136 — A man, aged 22, gave an intense reaction to horse hair extract 
and also to ragweed He had typical hay fever from early August until frost 
for four years, and in the past four years had asthma But this asthma comes 
on at any time of year, often when snow is on the ground and is, therefore, 
not a true pollen asthma No focus of infection was found after careful 
search, and his family history was negative His eosinophils were 6 per cent 
In view of the skin test, he was given repeated doses of horse hair extract, 
but with no result whatever He repeats the assertion that he is not affected 
by horses and can go into a stable without difficulty, so that this positive skin 
test becomes merely an observation, the significance of which is as yet unknown 

Why these twenty-one cases should give a positive skin test to 
horse hair is quite unknown Many of them gave the test with more 
than one extract of horse hair showing the probability of the reaction 
being really a specific one 

The results of treatment m Case 63 are very interesting, and 
according to other experience in this work, are distinctly unusual 

It should be emphasized again here that these horse hair extracts 
were tested on many more than twenty-one other patients who gave 
no reaction at all, so that the extract cannot be classed as an irritant 
per se 


BRONCHIAL ASTHMA 


529 


acute food asthma 

Only two cases in this entire group of 150 cases of asthma gave a 
history of exquisite susceptibility to food 

In taking the histones of each of these 150 patients, special atten- 
tion has been paid to the question of food poisoning This attention 
was, to a large extent, because of the recent interest in the possible 
relation of the ingestion of many different foods to not only asthma 
in particular, but anaphylactic stales m general Furthermore, many 
of these patients have been treated by omitting various biologic groups 
of food in rotation but never with beneficial result 

Case 41 — A medical student, aged 24, wlienever he eats fish or shellfish 
of any kind has, within a few minutes, swelling of his lips and tongue which 
develops into a general urticaria and within from ten to fifteen minutes leads 
to sneezing and asthma Skin test to fish extract is intensely positive His 
sister has hay fever, his mother has gastro-intestinal upsets, nausea, vomit- 
ing and diarrhea from eating fish It is interesting to note that he has no 
marked eosinophilia Counts made on two occasions gave figures of only 
4 6 per cent and 2 3 per cent , respectively He knows his trouble well and 
remains in every way in perfect health as long as he avoids fish 

Case 117 — ^This case is less striking A girl, aged 3 years, at the age of 
9 months developed eczema and urticaria in attacks It was later discovered 
that ingestion of eggs caused immediate vomiting and swelling of the mouth 
and some slight difficulty in breathing This child gave a markedly positive 
skin test to a solution of egg-white The father has urticaria after eating 
strawberries , the mother had an attack of urticaria seventeen years ago, cause 
unknown As far as is known, this child did not receive any egg until the 
age of 2 Since the test, egg has been excluded from the diet, but the eczema 
still persists so that its cause is not yet known Skin tests to animal serums 
and hairs , to ragweed pollen , to fish extract and to milk, were all negative 

With these two cases, the extrinsic causes of asthma as found in 
this study have been covered A total of forty-two cases, oi only 
28 per cent of the whole numbei 

Intrinsic causes of asthma acting from within the body, as opposed 
to extrinsic causes — acting on the body from without, are now to be 
discussed 

GASTRO-I NTESTI N AL 

In five patients, derangements of the gastro-intestinal tract seem 
to be a possible cause of their asthma 

Case 38 — This patient had asthma for fifty-two years and maintains that 
any rich food which causes indigestion will precipitate an attack He gives 
a positive skin test to horse hair and ragweed He had “hay fever” all the 
year round up to ten years ago, which stopped with an operation on his nose, 
but asthma still continues 

Case 122— There is a history suggesting peptic ulcer and roentgenograms 
revealed a small ulcer m the region of the pylorus Although he had a very 
light attack of difficult breathing nine years ago, he was free of asthma until 
about the time that his stomach began to trouble him He also had an 
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emphysematous chest Skin tests, family history, eosinophil counts and the 
search for various foci of infection were all negative A five-meal diet with 
occasional doses of soda have relieved him, but he still has asthma 

Cases 52 and 159 — These patients, aged 8 and 12, respectively, were relieved 
when meat was reduced in their diet 

Case 118 — This patient has been studied carefiflly A man, aged 30, has 
had asthma in weekly attacks for two years There is no evidence of anaphy- 
laxis except for an unexplained skin test to horse hair There was no family 
history and no eosinophilia Change of residence has not helped his asthma 
Treatment of obstinate constipation relieved his asthma markedly when first 
seen, so that he had no bad attacks for two months, but he relapsed again A 
second examination by the roentgen rays revealed a definite abscess at the 
roots of two teeth, a normal gastro-intestinal tract, normal nasal sinuses, but in 
the roentgenogram of the chest, there was a mottling along the markings, 
especially those running to the apices and shadow of the hylus which was 
unusually large 

Perhaps a tuberculosis of his bronchial glands was the true diag- 
nosis, but if so, why the attacks and especially the two months period 
of freedom^ 

The possibility that, in some cases, disturbances of the metabolism 
of one of the three great classes of food might be at fault, must be 
considered When, for example, asthma may be due, not to one par- 
ticular protein, but to proteins, or, perhaps, carbohydrates or fats in 
general, as a class Examination of the stools might be a distinct 
help m these conditions 

ACUTE BRONCHITIS - 

Twenty-four cases of bronchial asthma have attacks m which a 
cough IS a prominent symptom, which attacks come on at fairly long 
intervals, usually several weeks, and have absolutely no relation to 
season, locality, weather, or dietary indiscretion, although the attack 
usually begins with a “cold ” 

Physical examination of these patients shows during the attack, 
the lungs full of sibilant and sonorous rales, but there is little change 
in the character of the breathing Usually there are a few fine moist 
rales present in the bases No other pathologic change has been made 
out, nothing appears on special examination of the nose and throat, 
and a roentgenogram of the chest reveals at the most a “thickening of 
the lung markings ” There is little or no fever during the attack 

Between attacks these patients are quite normal, and providing 
they avoid taking cold again and avoid undue exertion or exposure 
such as swimming in cold water, can do or eat almost anything with- 
out return of their symptoms 

As will be seen by the accompanying table (Table 4), out of 
twenty-four patients presenting this clinical picture, seven gave a skin 
test to ragweed and four to horse hair as well, and one to horse hair 
alone Five were not tested at all Explanation of these positive tests 
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TABLE 4 — Acutl Bronchitis Twlnty-Four Casls 
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IS difficult Suffice It to say that none of these patients had hay fever 
nor were any of them susceptible to horses as such, and furthermore 
their attacks came at irregular and odd intervals 
Only thiee patients had a positne family history 
Five of these patients (Cases 48, 93, 101, 119 and 145) differ from 
the others, because of the relatnely short intervals between their 
attacks, but except for one (Case 48) the other four often went at 
at least fiom one to two months without an attack 

It wull be observed that the duiation of attacks was in only eight 
patients (Cases 18, 24, 37, 40, 57, 66, 125 and 149) ordinarily more 
than fourteen days, and of these eight, in at least four (Cases 37, 57, 
125 and 149), it is only lecently that the character of the attacks has 
changed from then former and original short duration 

In regard to the histones Asthma \vas associated with “a cold” 
in twelve patients with changes in weather, especially in the spring 
and autumn m three , often wuth catamenia in one , with indigestion in 
one, and wnth unknown circumstances m six 

It IS of importance to note that only one of these patients (Case 40) 
ga\e any history of hay fever, she gave no positive skin test and had 
this hay fever during only a period of five years ending four years ago 
Except for this one instance, there was no other evidence of any 
other anaphylactic manifestations, such as hay fever, hives or food 
poisoning in this group 

Since these twenty-four patients have attacks at such irregular 
intervals ivhich do not correspond to any season, place, or circum- 
stance, and since their skin tests seem to be, as far as we have gone, 
merel)'- isolated observations it seems reasonable to assume that these 
patients suiter from the effects of something that they carry about 
wnth them , that their asthma is dependent on an intrinsic and not 
extrinsic cause The theory that this intrinsic cause is a bronchitic 
infection is, of course, only a tentative explanation based on no definite 
grounds except the predominant cough and increase of expectoration, 
but, on the other hand, recurrent attacks of bronchitis are at least 
more common, in general, than similar recurrences of many other 
infections 

In the column headed “Foci” (Table 4) it will be seen that thirteen 
patients had a recognizable focus of infection It does not seem 
likely that bad teeth, for example, could cause attacks of asthma at 
from 2 to 6 months intervals True, the effect of extracting these 
teeth has, in most of these cases, not been studied Two patients 
(Cases 33 and 37) showed signs at the lung apices suggesting tuber- 
culosis, but It was finally agreed that these signs were not definite 
enough to warrant the diagnosis 
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WINTER ASTHMA 

In Osier’s “Practice of Medicine,” 1909, page 633, a description is 
given of emphysema which exactly fits a certain group of cases 
referred for “asthma ” Little is known of the etiology of this group 
of cases, and they have been studied here, in the first place, to dis- 
cover any possible etiologic relation to proteins, and in the second 
place, to see if they had anything in common, except difficulty in 
breathing, with other and more clear cut cases of asthma 

A brief description of these cases is a necessary repetition m order 
to define the object of study 

There is a group composed for the most part of older individuals 
whose asthma overtakes them with the onset of cold weather and they 
remain wheezy and short of breath, especially at night, until summer 
These cases give no skin tests to those foreign proteins of animal 
or vegetable origin which were tiied Their asthma is often seveie 
and they can do little but sit quietly and try to breathe 

They present on examination very commonly a barrel chest, which 
IS everywhere hyper-resonant so that the true heart borders are often 
obscured They all have a peculiar “asthmatic” or nasal quality to 
their voice, a sign which is easily recognized, and often characteristic 
Many of them raise considerable quantities of a white frothy sputum 
which usually contains numbers of eosinophilic leukocytes At times 
the sputum is purulent and then contains a varied assortment of 
organisms in considerable quantities 

Asthma in these individuals is very much worse with any exertion, 
and if they can remain for a time quiet and especially in a warm 
atmosphere, their symptoms abate promptly 

Examination of the heart, determination of the blood pressure 
and examination of the urine have failed to reveal any important cir- 
culatory lesion in these cases Most of them have emphysema and 
chronic bronchitis In these patients potassium lodid usuall}’- gives 
great relief 

There are two fairly distinct groups of patients to whom the above 
description applies They have been separated in this work, because 
while one group seemed to have asthma only in the winter and are 
quite normal in summer and warm weather, the other group has 
asthma off and one more or less continually throughout the twelve 
months The first group has been styled “winter asthma” and includes 
here twelve cases 

As IS shown on Table 5, five of these patients had asthma in very 
slight degree also at other times, but in the other seven, the asthma 
seemed limited to the cold weather Eight out of the twelve had had 
bad teeth or trouble in the nose, one (Case 78) had her teeth extracted. 
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and another (Case 48) liad her nasal polypi removed, but in neither 
case was there any permanent beneficial result to the asthma 

It will be observed that the age of onset in only two patients was 
below 25, and that the average for the whole group was 43 2 years — 
there being three patients whose asthma did not begin until after the 
age of 60 Skin tests were not done in five because these patients 
gave no history whatever which might suggest any extrinsic cause 
of their asthma Those skin tests which were done were all negative 
in all patients 


TABLE 5 — ^Winter Asthma TwEL\r Cases 
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Three patients (Cases 22, 25 and 148) should be really in a sub- 
group by themselves In no one of them did asthma begin until after 
the age of 62 All three were elderly, tall, emaciated men with 
marked arteriosclerosis, with low blood pressure, clear, low gravity 
urines and regular pulses All three were barrel chested with lungs 
full of squeaky rales, the breathing rather high pitched, prolonged 
and rather diminished in intensity All three were slightly cyanotic 
All three were helped to some extent by dram doses of a mixture of 
equal parts sodium bicarbonate and sodium phosphate which no doubt 
controlled the flatulency which, as Osier mentions, often accompanies 
emphysema All three men were very uncomfortable , had to sit up 
in a chair practically all the time in winter, and often had to use most 
of the auxiliary muscles to breathe at all 
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CHRONIC bronchitis AND EMPHYSEMA 

Except for the seasonal aggravation of their symptoms, these cases 
of winter asthma are in no way different from another group of cases 
which also have a chronic bronchitis as a basis for their asthma 


TABLE 6 —Emphysema and Chronic Bronchitis Eighteen Cases 
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This latter group includes eighteen cases who have asthma prac- 
tically steadily without much relation to season (Table 6) They too 
have emphysema and suffer often intensely from shortness of breath 


i 
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A careful history together with a careful examination fails to reveal 
any cause of asthma in these patients except the lUng condition Skin 
tests are nearly always negative One patient had hay fever but the 
degree of asthma bore no relation to this and the hay fever had existed 
some years before the asthma appeared Case 97 had urticaria (as 
described in the following pages) Aside from this, there was no 
history of susceptibility to proteins m the group 

Case 64 — ^Tliis is a typical example An Italian, aged 39, has had asthma 
for eight years practically everj' day The asthma may stop suddenly in the 
middle of the day for an hour or so and then "he feels as good as any man ” 
He was in the hospital ward for three weeks with little or no change in his 
condition and then his nose was operated on Following a day or two of 
intense asthma, he began to improve somewhat, and though now some months 
afterward he still has asthma, he declares that he is “three times better 
than before” 

Case 97 — ^This patient is interesting as show mg the difficulties of treatment 
in these cases He had bronchitis three years ago, w'hich lasted two w'ceks 
and left him well , but eight months after this at the age of 30, he began to 
be wheezy and dyspneic Since then he has had attacks every week or so 
which come on after eating or after exertion and last from one-half to 
three days Except for one attack of urticaria four months ago, for which 
he can assign no cause, he has had no other manifestation of anaphylaxis His 
eosinophils w'ere never above 5 per cent 

Recently he has been observed on two occasions, tw'o months apart, with 
a fever of 101 F , for which no cause has been found, but which came down 
after administration of salicylates With this fever there was no special change 
in the asthma His lungs show peculiarly loud wheezes throughout, which 
seem out of proportion to the degree of dyspnea The roentgenogram sug- 
gests a diffuse bronchitis , no local focus was ever found in the lungs Out- 
side the hospital he has been given stock streptococcus vaccines, and these 
proving of no avail, he obtained an autogenous streptococcus vaccine from his 
sputum, doses of wdiich were given every other day As the doses were 
increased, he began to w'heeze again and finally had a violent attack of asthma 
His right antrum was cloudy and a roentgenogram revealed a possible infected 
root of a tooth, but neither of these foci was considered definite enough to 
warrant radical procedures Changes in diet, first omitting all bread and 
all cereals for two months, and later omitting all meats, have given no results 
Potassium lodid helps somewhat Luckily his asthma is relatively mild 

Case 85 — ^This case is also typical of this group The patient’s history is 
given here in detail because of the very early age of onset 

A boy with asthma since the age of 3, but without any definite lesion to 
account for it In the hospital he spent most of his time sitting on the edge 
of his bed breathing with difficulty — improvement W'as very slow Inasmuch 
as there was nothing to go with it, the positive skin test to horse hair extract 
which w^as not marked was neglected He had a typical emphysematous chest 

Two cases in this group show an eosinophilia 

Case 154— This patient’s history of precordial pains, and weak spells fol- 
lowed by dyspnea is not usual in asthma Her chest was thick, hyper-reson- 
ant and there was prolonged expiration, she had an eosinophilia of 10 per 
cent which so far is unexplained 

Case 44 — This patient also had a barrel-shaped chest with prolonged 
expiration He had no hay fever or other obvious protein susceptibility He 
had had symptoms for only a year and yet three blood smears taken on dif- 
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fcrent occasions in a period of three months while his lungs were full of 
rales showed an eosinophilia of 13, 12 and 10 per cent , respectively 

The stools in both these patients were examined for parasites with nega- 
tive results 

Case 160— This man, aged 63, has had asthma for only three years, and is 
another typical example of this group He is of especial interest since he had 
tuberculosis fourteen years ago, with positive sputum and a tubercular laryn- 
gitis At that time he was treated at the Rutland Sanatorium and in Colorado 
for two years and now presents only a healed process at the right apex He 
had no asthma with this old tuberculosis 

A word should be said of the following case 

Case 19— A woman, aged 28, has had asthma since the age of 10, but in 
her case a cough was distinctly a prominent, if not predominant, feature She 
raised considerable quantities of a greenish-yellow sputum, and roentgeno- 
gram revealed conditions quite typical of bronchiectasis 

Why should this woman among so many other cases of bronchiec- 
tasis have had attacks of shortness of breath^ 

It will be seen from Table 6 that two of these patients (Cases 64 
and 82), with presumable lesions in the nose, had been operated on 
but without result 

TUBERCULOSIS 

The association of asthma and tuberculosis has been discussed by 
O Frankfurter^® in 1913, who concluded that there was some causal 
relationship between them and who claimed that a systematic and 
long enough continued treatment with tuberculin may cause a diminu- 
tion or cessation of the attacks 

FrenquellF^ likewise had excellent results with tuberculin in two 
cases who had signs suggesting latent tuberculosis 

Giffin®® saw eighty-two cases of spasmodic asthma, three of which 
had positive evidence of tuberculosis During the same period he saw 
226 cases of tuberculosis 

In this report it has seemed justifiable to include six cases under 
the diagnosis of tuberculous asthma, as shown m Table 7 Except 
for the two cases detailed in the following, the onset of asthma in 
these cases was quite coincident with the onset of the tuberculosis and 
on this account may be tentatively assumed to be dependent on it 

Case 74 — ^A man, aged 59, has had asthma all his life with attacks spring 
and fall, but for the past two years has had it constantly, has lost 20 pounds 
m weight and although no tubercle bacilli could be found in his sputum, 
there were signs at both apices with a possible cavity in the left The attacks 


Asthma and Tuberculosis, Wien klin Wchnschr, 


36 Frankfurter, O 
1913, 26, 961. 

A Tuberculous Asthma, Two Cases, Semana Med, Buenos 

Aires, 1916, 23, 583, Summarized in Jour Am Med Assn, 1916, 68, 1011 

^ ^ Asthma and Tuberculosis, Am Jour Med Sc, 1911, 
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up to two years ago were possibly due to pollen Skin tests are suspicious 
and the patient stated that he had hay fever both spring and fall, for which 
he went up to Bethlehem, N H, for relief His tuberculosis, therefore, maj 
have been an additional disease and not the cause of his attacks of dyspnea 
Case 96 — ^This patient had a history of hay fe\er and stated that his 
asthma was worse on arrival in No\a Scotia late in August, and lasted through- 
out his stay He was in the hospital ward m Februar}^ had a continuous 
fever and showed signs of consolidation in his lungs He died in April 
presumably of tuberculosis, although no necropsy report is available The 
late onset of his asthma (age 42) argues against a simple pollen asthma 


TABLE 7 — ^Tuberculosis Si\ Cases 
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Attention is also called to the following case 

C\SE 160 — This patient (described under emphysema), had a positive 
tuberculosis, pulmonary and laryngeal, fourteen years ago, but no asthma, and 
now comes back with asthma dependent on emphysema and a chronic bron- 
chitis, and presents no evidence of any active tuberculosis, although the right 
apex distinctly shows the old healed process 

NOSE AND TEETH 

Four patients had lesions in the nose which were operated on, and 
to date the asthma in these patients has been helped (Table 8) 

Case 91 — ^This patient had very bad teeth, one of which had a pus pocket 
which was probably connected with the antrum, as removal of this tooth 
showed a long dirty root 

Cases 142 and 158 — Both of these patients have emphysema The former 
(Case 142) is interesting Formerly his asthma came only in the summer, 
he had hay fever and today gives the corresponding skin tests Now, however, 
his asthma has been steady until a marked improvement followed the nasal 
operation 
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The latter (Case 158) was somewhat better after his operation but injec- 
tions of a vaccine made from streptococci obtained from his antrum appear 
to have hastened this improvement markedly 

Throughout this communication references have been made to 
the nose and teeth as a cause of asthma These four cases are the 
only ones in which the possibility of such an etiology as a very 
important factor, becomes a probability It will be remembered that 
Walker^ does not advise treatment of the nose, throat or teeth as a 
part of the treatment of asthma 


TABLE 8— Nose and Teeth Four Cases 
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MISCELLANEOUS 

Under this head various other intrinsic causes are grouped together 

Bionchial Glands — Roentgenograms of the chest have shown 
shadows near the roots of the lungs in many of these cases In five 
of these cases, however, sufficient emphasis has been laid on these 
shadows in the interpretation of the plates to warrant special attention 
here One of these patients (Case 20) has emphysema, and is placed 
in that group Another (Case 36) has asthma only in summer, and is 
grouped under pollen asthma This leaves then only three patients 
111 whom it seems reasonable to assume that enlarged bronchial glands 
may be responsible for the asthma 

Case 89 — boy, aged 16, thin, pale, and thick-chested, gave a history of 
asthma almost daily since babyhood Skin tests, eosinophil counts and family 
history were negative, but the roentgenogram revealed large mediastinal glands 

Case 128— A leather worker, aged 30, had asthma steadily for fifteen years, 
for which no other cause could be found except “a large mass of thick glands 
in the region of the liylus of the lung” Skin tests were negative His asthma 
bore no relation to reason, locality or occupation There was, however, a 
two year period of freedom ending three years ago ' 

Case 152- ^This patient had had a cervical adenitis, probably tubercular, 
which makes the diagnosis in her case all the more plausible 
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It IS important that these three patients had asthma which was 
steady without distinct remissions The two years freedom from 
asthma in Case 128 cannot be explained 

This persistent character of the asthma would naturally be con- 
sistent with a more or less permanent obstruction to the flow of air 
m the larger bronchi, or with irritation of the autonomic nerve supply 
to the bronchial muscles 

Loidosis — One patient had this complication 

Case 39 — A stout Jewess, aged 42, has been relieved entirely of continued 
though mild asthma of four years’ duration, by correcting a bad lordosis with 
a proper corset Needless to say, her skin tests, family history, and eosino- 
phil count were all negative 

Piegnuncy — Two women had asthma definitely associated with 
pregnancy 

Case 86 — This patient had intense asthma throughout her third pregnancj' 
which disappeared a month after forced delivery at eight months There 
was no asthma with her two earlier pregnancies After delivery she had 
a constant eosinophilia of over 10 per cent 

Case 109 — ^Asthma occurred with her first and second pregnancies, seven 
and one year ago, respectively, but since then she has had asthma with 
changes of weather so that, recently at least, it may be due to some infection 

Catamema — In two other patients asthma was clearly associated 
with the catamema 

Case 88 — She had attacks every four weeks for about five years 

Case 153 — This patient also had attacks closely associated with the 
catamenia, but these occasionally came at other times as after exposure, 
exertion, etc 

Cw culatory — In only two cases, could asthma be definitely ascribed 
to circulatory disturbances 

C'iSE 129 — A woman, aged SO, had asthma for three years, acute attacks 
coming on from three to four times a year Her heart was a trifle large, 
blood pressure, systolic 180, diastolic 100, and there were moist rales at the 
base of the lungs 

Case 130 — ^An obese Syrian woman, aged 29, had asthma for eight years 
with dyspnea on exertion between attacks, with edema of the ankles and 
some orthopnea Little, however, was found on examination of the heart, 
blood pressure, or urine, to account for the trouble 

Even in these two cases the diagnosis of myocardial incompetency 
IS, perhaps, open to doubt, and the asthma may well have been 
dependent on some other cause As stated earlier, no cases with 
definite lesions readily demonstrable have been included in this report , 
consequently, cardiac asthma, as such, has not been considered 
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UNCLASSIFIED 

In this group are placed a number of cases, the causes of whose 
asthma are still unknown, either on account of as yet insufficient 
study or because a careful study has failed to disclose any etiologic 
factor which seemed to be reasonable Included here are fourteen 
cases which have already been discussed in connection with other 
groups, but have been finally found not to belong m those groups 
This brings out the fact that in many cases the history and findings 
conflict in such a way as to leave the diagnosis much in doubt 

Case 67— This patient is discussed under pollen asthma 
Cases 63 and 136 — Both are discussed under horse asthma 
Cases 73 and 79 — ^In these cases no cause could he found They had 
negative skin tests, doubtful family histones, and one of whom had an eosino- 
philia They gave positive Wassermann reactions Antisyphilitic treatment 
has, however, not been carried out so that the diagnosis of syphilitic asthma 
IS not yet confirmed 

Five patients (Cases 1, 70, 71, 98 and 151) discussed under nervous 
asthma, should also be listed here, because in no one of them is a 
definite cause of their asthma proved or disproved 

Case 84, discussed under the subject of the effect of ether, also 
belongs here, as well as three cases given as part of six cases with 
eczema In addition to this total of fourteen cases, there are still fif- 
teen cases which are all represented on the accompanying Table 9 
Three of these seem of sufficient interest to be detailed here, and their 
histones follow 

Case S — A woman, aged 47, caught a cold eight years ago and had a mild 
attack of asthma for three weeks, this attack repeating itself every two or 
three months especially in winter, with comparative freedom between attacks 
In the past three years, her asthma has been more or less constant and she 
has spent weeks at a time in bed, the same winter or summer She gave a 
positive skin test to ragweed pollen but never had hay fever She remained 
in the wards for two weeks and a half with asthma of severe type Three 
days after an injection of 125 cc of her own defibnnated blood, she began 
to improve and with two other and larger doses, she left the hospital in 
ten days (November 19) with her lungs absolutely clear She returned 
December 7, for 20 c c blood December 13, she again had severe asthma 
At her home, she was given 25 cc of her blood, which had absolutely no 
effect On December 24, she struggled to the hospital, where the asthma con- 
tinued unabated until January 11, during which time, she had five doses of 
her own blood On this day, potassium lodid was given and she improved 
at once, and has remained entitcly zvell for a period of eleven months 
Dunng her severe asthma, she had an eosmophiha of from 6 to 14 per cent 
which disappeared with her improvement It is, perhaps, important to note 
that she also suffered from arthritis which seemed to alternate with her asthma 
Case 114 A physician, aged 53, has had asthma since the age of 25 The 
attacks used to come on with his hay fever, but recently he has them constantly 
A year ago he was in bed for si'^ weeks with asthma His pulse at that time 
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was intermittent and slow, but became very rapid on the least exertion Lately, 
examination, even including roentgenograms of the chest, also an electrocardio- 
gram, has failed to reveal any lesion His breathing is not especially charac- 
teristic of emphysema A lesion has lately been found in Ins nose, but has not 
yet been treated Digitalis has not helped him 


TABLE 9 —Unclassified Fourteen Cases (All Mentioned in Other Groups 
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Case 156 — This case is of special interest A professional masseuse, aged 
29, drives about in a Ford automobile After cranking the car, she enters and 
drives for about a minute, when severe asthma comes on and continues for 
over half an hour If the Ford starts very easily, she has no trouble Indoors, 
she can run up three flights of stairs without trouble Careful physical exam- 
ination by a leading clinician, roentgenograms of the chest and teeth, skin 
tests, special examination of nose and throat, all have been negative At 
one time tuberculosis was suspected Recently she has improved on 5 grains 
of calcium lactate, three times a day How much of her asthma is “nervous”^ 
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VARIOUS OTHER RELATED TOPICS 

In addition to tins detailed discussion incidental to the grouping of 
the individual cases, there are several interesting topics which are 
more or less related to the whole subject of asthma Some of these 
which have come out in the study of these 150 cases as a whole are 
discussed here 

NERVOUS ASTHMA 

Out of the total of 150 cases, there seemed to he at least six, in 
which the nervous or psychic element seemed to play an important 
part These cases have each been studied carefully, and distinct effort 
has been made to account for their asthma otherwise They are of 
importance, because if the diagnosis is really correct, some light may 
be thrown on the entire subject Their histones are, therefore, 
detailed here 

Case 1 — K boy, aged 11, had asthma for two years , his mother’s mother 
IS said to have had asthma He had had asthma, coughing and dyspnea, 
every week or two for from one to three days at a stretch, with no rela- 
tion to season or place He remained in the hospital for two weeks, was 
up and about the ward, was eating a full house diet, and yet had absolutely 
no symptoms, all skin tests were repeatedly negative The night after he 
went home he again had an attack His home was investigated The family 
had moved after his first year of asthma without result Sleeping m different 
rooms, and on different beds and pillov/s, was of no avail 

He visited his father’s mother, and was completely relieved as long as he 
stayed there Her house was only a mile or two from his home, so that he 
attended the same school, and, as far as could be made out, ate the same 
sort of food His teeth and throat were good His posture was poor 

Was there something in his mother’s house which caused his asthma, or 
was it dependent on a purely psychic disturbance, possibly due to his mother’s 
overindulgence ^ Two findings are against the diagnosis of nervous asthma 
which otherwise seems necessary, the age of only 11, and the eosinophiha 
of 12 per cent 

Case 150 — The case is of very much the same type A girl, aged 10, has 
had a cough and been short of breath at night for a year She sleeps poorly 
has enuresis and is constipated She lives on a small truck farm where 
there are various animals and a small garden As she gave a positive skin 
test to ragweed and to horse hair, her mother was advised to send the child 
to her grandmother’s in the next town A letter within three months after- 
ward, states that the child is absolutely well and normal in every way 
The asthma began two years before the family moved to the farm when they 
had no animals and no garden' The child was first seen late in October 
when true pollen asthma is over for the season 

Case 70— A woman, aged 49, had asthma dating from her arrival in San 
Francisco from Australia, at the age of 32 Her father’s father had asthma, 
and a brother has hay fever She came straight to Massachusetts and was 
well for eight years, when, at the age of 41, she suddenly began to have hay 
fever m August The next year again hay fever, and this time asthma with 
It, and this combination has recurred each fall Three years ago the asthma 
became chronic, and was so steady and so severe that she took morphin, and 
at the time of her admission to the hospital on March 3, 1917, was taking 
about IVs grams dailj She entered the ward an emaciated, rather excited. 
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apprehensive, restless little woman, showing marked pigmentation, probably 
due to morphin 

She remained in the ward from March 3 until June 14, and throughout 
that long period she had to be given an average of about six doses of 
adrenalin chlorid in the twenty-four hours, to control her suffering 

She gave definit" skin tests to ragweed, to horse hair, and to horse serum, 
but no tests to grass pollen Treatment with horse hair extract was attempted, 
but after no result from five doses was abandoned She was given four doses 
of her own defibnnated blood, with no result Atropin, nitroglycerin, amyl 
nitrite, asthma powder, oxygen to inhale, pituitary extract were all tried, but 
in vain Transfer to a private room made no difference Eosinophils were 
found in her sputum, but in her blood were never over 6 per cent 

Special examination of teeth, sinuses, stools, etc , failed to reveal any 
cause for her troubles The ragweed tests vere discounted because of the 
time of year Dr W H Smith thought that “there is a very large nervous 
element in the case which piobably accounts for most of the trouble” 

She died on September 2, probably of inanition There was no necropsy 

Two cases seemed associated with circumstances possibly dis- 
agreeable 

Case 71 — One of these was a medical student, aged 29, who had asthma 
for SIX years, only in isolated attacks, continuing from five to ten days, when 
he first begins his summer work in a shoe factory It has never lasted longer 
than this, although he works in the same factory all summer He has never 
had hay fever Skin tests are absolutely negative There is no trouble at 
other seasons of the year, and his family history is negative 

Case 151 — ^Another example may be a marine engineer, aged 46, wdio had 
asthma for six years, which came on only when he went ashore He can 
go ashore and stay from four to five days without trouble, but if he has a 
cold he IS sure to have asthma If he has a cold at sea, he will never have 
asthma This last fact argues against any infectious origin of his asthma, 
although his “colds” at sea may not be “colds” in the sense of a bacterial 
invasion 

ErrECT or operations under ether 

Three patients gave a history of previous operations under etlier, 
following which there was in each case a distinct improvement in 
their asthma 

Case 15 — A woman, aged 38, who had asthma in attacks for four years, and 
in this work so far unclassified, had a tonsillectomy, within a year following 
which her asthma was indistinctly better for two or three months, but since 
then has been as bad as ever 

Case 125 — ^A woman, aged 43, had asthma since the age of 15, had several 
operations on her nose, and a year ago had the uterus and both ovaries 
removed Her asthma improved for a time after this operation, and then 
relapsed She is grouped here under “bronchitis ” 

Case 84 — ^A woman, aged 30, with asthma for two years, was found to 
have a rather large ovarian cyst This was removed Her asthma improved 
at once after the operation, and so remarkably that there seemed to be no 
doubt that the cause had been located About a month after discharge from 
the hospital, she came in again with the same original symptoms 

It IS, of course, unfortunate that skin tests were not made with 
the cyst fluid in Case 84 Had they been positive in her and negative 
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in a number of other control persons, important information would 
have been obtained 

It hardly seems reasonable to think, either in Case 125 or in 
Case 84, that the cause of the asthma was removed , the very fact that 
they relapsed again would show the cause to be still present Why 
I then, should they improve after the operation, and is it not reasonable 

i to think that the administration of ether or the anesthesia itself, had 

some important effect^ It would certainly be interesting to administer 
complete ether anesthesia to stubborn cases, such, for example, as 
Case 70 (Refer to the heading “Nervous Asthma ”) 


ECZEMA 


Within the past two years interest has been shown in the possible 
explanation of eczema as a manifestation of anaphylaxis, and the 
association of eczema with asthma has, therefore, been studied m 
these 150 cases 

Blackfan^” in studying eczema, finds that positive skin tests occur 
in the great majority of cases of eczema, while they occur only very 
rarely in the normal control 

He finds an early history of eczema in asthma patients, but he can- 
not prove the relation of eczema to anaphylaxis He was unable to 
demonstrate circulating antibodies to the antigen in the blood serum 
of any patient giving a positive skin test to that antigen 

The relation of eczema to anaphylaxis is also mentioned by 
Schloss 

Strickler and Goldberg^^ had twelve cases of eczema, six of which 
gave a positive skin test to one or more proteins 

Talbot^^ divides eczema in children into two groups, one of which 
depends on anaphylaxis 

White''^ also comments on the relationship of eczema to anaphy- 
laxis 

In the present senes, only six cases gave a history of eczema 
Four of these were children (Cases 117, 123, 144 and 150), who had 
had eczema as babies, and three of whom had it with asthma The 
fourth (Case 117) has had no further eczema, but asthma continues 
now for upward of nine years Each of these four children gave one 


39 Blackfan, K D Am Jour Dis Child , 1916, 11 , 441 

40 Schloss, O M Arch Pcdiat, 1916, 33, 210 

41 Strickler and Goldberg Anaphylactic Food Reactions in Dermatology, 
Jour Am Med Assn, 1916, 66, 249 

42 Talbot Tr Am Pcdiat Soc, 1916, 28, 190 

loif Anaphylactic Phenomena in Eczema, Jour Cutan Dis , 

T ’ 101Q .T"'; Treatment of Eczema in Childhood, Boston Med and Surg 
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or more positive skin tests Under “Diet” is a discussion of one of 
them (Case 117) in which the eczema was not influenced by the total 
omission of egg, to which alone of several proteins, she gave a skin 
test The other three children reacted to the pollens, but the eczema 
was not worse m the autumn, and consequently the tests are dis- 
regarded 

Two patients (Cases 6 and 46) were adults, aged 43 and 40, 
respectively, with “winter” asthma for eighteen and two years, respec- 
tively, but they had had eczema for only six and one years The con- 
nection between the asthma and eczema would, therefore, seem to be 
not a close one 

DISCUSSION 

It IS obvious that there are many different exciting causes of bron- 
chial asthma It is obvious that to discover the exciting cause m any 
patient requiies considerable study, and finally, it is very striking to 
note that, in the whole series, there are no two cases which are even 
closely alike 

Separation of these patients into groups has been attempted and 
accomplished as accurately as possible It often has been very difficult 
to group the individual patient, and he has been so grouped only when, 
after conscientious study, including as careful “following up” as was 
possible, it has seemed reasonable to do so 

A survey of 150 cases in this present report shows the following 
statistics The age of the patients varies from 3 to 74, although there 
are only twenty-two patients who are below the age of 15 There 
were seventy-six males and seventy-four females The onset of 
asthma occuiied in the following age groups Below 10, forty-two, 
between 10 and 20, twenty-eight, above 20, eighty, above 40, twenty- 
one 

Twenty-eight per cent of the cases being classed as “extrinsic” is, 
apparently, a very small proportion Perhaps further skin tests might 
have brought out further extrinsic causes The possibility of suscep- 
tibility to feathers, to various dusts, powders and perfumes, and to 
various foods, has been kept constantly in mind, and yet it has not 
seemed reasonable to attribute the cause of asthma to these substances 
in any one of the 150 patients in this particular series 

These figures cannot well be compared with those of other authors 
because it is almost impossible to lay down definite criteria for the 
various groups Careful consideration of the many factors has been 
the only means of classification To see or to hear from the patient 
again after a period of several months has been a very great assistance 
in checking up the original impression and classification Of 150 
patients, all but twenty-six were seen more than once, twenty-five 



OCTOBER, 191S 


BRONCHIAL ASTHMA 


547 


patients have been followed for over a period of two months, thirty- 
three for over six months, and thirty-six for a period of over a year 
Table 10 represents a summary of the whole series Aside from 
the eosinophil counts there are a number of striking observations 
The average age at onset of extrinsic astlima is 12, or less than half 
the average age at onset of intrinsic asthma There are about twice 
as many cases of intrinsic as of extrinsic asthma 

The family history is here very important and interesting There 
was a history of either asthma, hay fever, hives or violent poisoning 
from food in forty-four of this group of patients , twenty-seven on 
the mother’s side, and two on both , not stated in thirty-three Fifty- 
eight percent of the cases of extrinsic asthma gave a positive family 
history, while only 10 5 per cent of the cases of intrinsic asthma gave 
such a history Attention is here called to the figures of R A Cooke, 
who, as was stated, found a positive family history in 48 4 per cent 
of his cases of sensitization, which may be compared to the 58 7 per 
cent positive family history m cases of extrinsic asthma in this report 
From this we may say that a positive family history indicates the 
probability of a particular case of asthma belonging to the extrinsic 
rather than to the intrinsic group 

The most important problem in the study of asthma, and, at the 
same time, the one most difficult to approach, is, “Why are these people 
sensitive^” Effort has been made to discover whether there was any 
one factor common to all cases of asthma, some abnormality of 
anatomy or physiology present in these patients and not present m 
normal people Such an abnormality would explain why certain 
individuals were susceptible to foreign proteins, and others were not 
The blood picture is one possibility inasmuch as an eosinophiha is 
said to occur commonly in asthma 

Differential blood counts have been done in 113 of these 150 
patients, during the attacks in sixty-seven, and between the attacks 
in fifty-six, both in and between in twenty-one In many patients 
seveial smears were counted 

According to Staubh-® eosinophils decrease after the adminis- 
tration of adrenalin, but all cases are here included 

Total leukocyte counts were done m only twenty-two patients — a 
number too small from which to draw conclusions, except to show 
that, on the whole, the differential count gives a fair idea of the 
absolute numbers of these cells 

In nearly every smear 300 cells were counted Wright’s stain was 
used Consideration of all these counts together shows that during 
the attacks the eosinophils averaged 5 3 per cent , between the attacks 
they a\eraged 5 per cent (The patients were considered to be in an 
attack when sibilant rales were heard in the lungs ) 
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According to various textbooks, the normal percentage of eosino- 
phils varies from 2 to 4 per cent The percentage in asthma is, there- 
fore, somewhat above the normal 

As IS seen by Table 10, the averages, both for extrinsic and intrinsic 
asthma, are not very different If anything, the counts made from 
patients Avith intrinsic asthma seem to be higher Of more significance 
than this, however, is the absence of any important difference m the 
average of counts made during and between attacks 

In the twenty-one patients who were studied, both during and 
between the attacks, the eosinophils averaged 7 2 per cent during the 
attacks (twenty-four smears) and 5 3 per cent between attacks 
(twenty-four smears) Although in three patients the percentage of 
eosinophils was over twice as great between the attacks as during them 
Attention is also called to the columns on Table 10 showing the 
greatest percentage of eosinophils seen in the various groups Here 
again, there is very little difference seen in counts made during and 
between attacks In several cases counts were made at fairly frequent 
intervals during and after the attack, and no important and sudden 
change in the percentage of eosinophils at any particular time related 
to the attack was observed It must be admitted, however, that not 
yet have sufficient observations been made on this point 

It may then be concluded that m human asthma there is no such 
constant variation in the percentages of eosinophilic leukocytes in the 
blood as IS seen in expenmental anaphylaxis m animals The presence 
of an eosinophiha in asthma is confirmed, but its significance is not 
understood Furthermore, it does not occur to a greater extent in 
those cases in which a resemblance to anaphylaxis exists, than in the 
others 

Further study is necessary before we can tell why these people are 
sensitive 

There is always a great temptation to regard asthma as an expres- 
sion of some disturbance of the nervous system This would explain 
the dissimilarity of the cases, even among those in tlie same group and 
would explain the behavior of many cases under circumstances 
which should theoretically have no significance A few of the more 
striking examples have already been discussed under nervous asthma 
But the great difficulty is that, on the other hand, there are many 
authentic cases, all with extrinsic asthma, who have had asthma come 
on when exposure to the antigen was sudden, and not at all anticipated, 
and there are many cases, some m this present series, in which a 
definite attack of asthma has been artificially produced by the injection 
of either ragweed pollen or horse hair extracts to which the patient 
was sensitive It seems hard to explain how any “nervous” or any 
hysterical state, could explain this last condition 
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Attention is called to the fact that asthma has been already 
descnbed^^ as one symptom of the condition known as vagotonia, in 
which there is a heightened tonus in the “vagal” or cranio-sacral 
autonomic system of nerves, and that another sign of this condition is 
an increase of the eosinophil cells Further study on this point would 
be veiy important and might leadily reveal that disturbance of physi- 
ology which theoretically is common to every case of the disease, and 
which would explain all forms of the disease which we now call 
bronchial asthma 

TREATMENT 

The treatment of bronchial asthma resolves itself into the treatment 
of the exciting cause if this can be identified The treatment of many 
individual cases has already been discussed in the body of the paper 

The best results are obtained in the cases of extrinsic asthma, 
especially in pollen cases Treatment with an extract of the specific 
pollen will relieve the hay fever and the asthma often entirely Specific 
treatment of the horse asthma cases is usually only partially successful, 
although the results obtained justify the effort 

The question of dosage as well as the time interval between doses 
IS, of course, important but discussion of these factors must be based 
on a much larger series of cases The general impression here has 
been that relatively small doses only sufficient to cause a noticeable 
local reaction on the arm persisting for twelve hours and given not 
more often than once in five days, has given the best result The doses 
have been continued for at least twenty-five days after the asthma has 
abated 

Throughout this work the dosage has been measured in milligrams 
of total nitrogen — not in quantities of solutions 

There has been no experience with specific treatment of other 
extimsic causes but avoidance of the particular protein has usually 
been possible and satisfactory 

The treatment of intrinsic asthma is far from satisfactory Local 
treatment of the nose, throat and teeth has been long considered 
important The removal of nasal polypi, the drainage of sinuses and 
the extraction of teeth will all relieve the asthma This relief, how- 
ever, rarely amounts to a cure and even if very marked is rarely 
permanent The fact that many patients have spontaneous intervals 
of freedom from asthma which last for months or years, makes the 
results of any treatment difficult of interpretation 

The use of vaccines in the cases presumably due to bronchial 
infection whether or not these infections are accompanied by emphy- 

44 Barker, L F Canad Med Assn Jour, 1913, 1 . 
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sema and the study of the bacterial flora in the sputum from these 

cases must be left for some future time 

In following these 150 cases, it has been a matter of the greatest 
interest to discover why periods of improvement have taken place 
In most cases, no reason for this could be discovered All of which 
suggests the marked nervous or autonomic element which doubtless 
exists One patient who had been listed under chronic bronchitis and 
emphysema remained free of asthma, m spite of a continued cough for 
eleven months following exactly from the day of performing the 
various intradermal skin tests on his arm — which tests had been all 
negative 

Potassium lodid remains, as Lemann’*'^ puts it, the “sheet anchor” 
111 the treatment of asthma It is especially effective m cases whose 
asthma depends on a bronchitic infection 

Calcium salts were used in asthma by Kayser,^® and m the present 
series have undoubtedly helped some cases 

Adrenalin is a very important drug in the treatment of asthma, a 
subcutaneous injection of adrenalin chlorid solution (Parke, Davis 
and Co ) will control the attack m almost every case It, however, 
has relatively little effect on the general control of the disease There 
IS much literature on the use of adrenalin in asthma The theories 
of Its use are discussed by von Jagic Ephraim^® has watched its 
effect through a bronchoscope StaublP® recommends its use as a 
very fine spray and describes an atomizei for this purpose for which 
he claims more permanent results than by simpler methods of admin- 
isti ation 

Asthma powders of various kinds, most of which contain nitei 
and stiamomum leaves, all help the attack, but do not cure The treat- 
ment of associated conditions,'^® constipation, hyperacidity, etc , is 
always impoitant, and the writer has seen more than one case veiy 
markedly improved on regular doses of a mild alkaline aperient salt 
Frequently unsuspected and apparently unimportant suggestions, 
such as a tempoiary change of residence, a slight temporary modifica- 
tion of the diet, ether anesthesia, temporary rest in bed with full diet, 
correction of faulty attitude, etc , have been of the greatest assistance, 
and not infrequently have led to a virtual cure On all these various 


45 Lemann, I I Treatment of Bronclnal Asthma, Am Jour Med Sc 
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50 Ebstein, W Deutsch med Wchnschr, 1911, 38, 1921 



552 


F M RACKEMANN 


ARCH 


methods there is rarely any good control, because so many patients 
have intervals of freedom from attacks, which intervals may last for 
several years 

CONCLUSIONS 

1 “Bronchial asthma” is a symptom of some other diseased con- 
dition 

2 One hundred and fifty cases of asthma can nearly all be 
divided, according to the etiology of their attacks, into various sub- 
groups under the general headings of “extrinsic asthma” and 
“intrinsic asthma ” 

3 Extrinsic asthma includes 28 per cent , intrinsic asthma includes 
53 per cent of the entire group — the other 19 per cent being unclassi- 
fied 

4 The age at onset of extrinsic asthma averages about 12 years, 
while the age at onset of intrinsic asthma averages about 26 years 

5 A history of either asthma, hay fever or food poisoning, m the 
immediate family, occurs in 58 7 per cent of the cases of extrinsic 
asthma, but m only 10 5 per cent of the cases of intrinsic asthma 

6 Skin tests are of great assistance m confirming the diagnosis 

7 Skin tests alone are of no value unless reasonably compatible 
with the patient’s history or experience 

8 A positive skin test is a necessary preliminary to successful 
specific treatment 

9 The “nervous” element is very important in asthma, but prob- 
ably does not explain why certain individuals have asthma 

10 The percentage of eosinophilic leukocytes in the blood is 
increased in asthma, the degree of this increase is not different in 
extrinsic or intrinsic asthma, nor does it vary during and between the 
attacks 

11 Treatment resolves itself into the treatment of the exciting 
cause Various different therapeutic procedures sometimes yield 
favorable results, but these cannot be explained 

12 The real problem — what is the fundamental disturbance of 
anatomy or physiology which expresses itself by attacks of asthma — 
remains unsolved 
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CONTRIBUTIONS TO THE PHYSIOLOGY OF THE 

STOMACH 

L STUDIES ON THE CONTROL OF HUNGER BY DRUGS 


HARRY GINSBURG, SBf and ISIDOR TUMPOWSKY, SM, MD 

CHICAGO 


The hunger mechanism is a local mechanism within the stomach 
itself, subject to central regulation A great accumulation of well 
established data points to the fact that hunger is a sensation produced 
by an increase in intragastric tension ^ This is produced by character- 
istic contractions of the empty or nearly empty stomach beginning 
in the fundic region Physical attitudes and local pathologic con- 
ditions, as ulcer or pyloric constriction, interpret tension as pain ^ 
Stomach activity is influenced by peripheral nervous control ^ The 
vagus nerve carries impulses stimulating tone and peristalsis, the 
splanchnics contain inhibitory fibers By these two paths central action 
IS exerted It has been found, however, that with both vagi and 
splanchnics sectioned the stomach regains the tone temporarily lost, 
and the typical muscular activity of the stomach is resumed This 
suggests a mechanism inherent in the stomach itself which regulates 
motor activity The anatomic basis of such a system may be found in 
a nodal system which KeitlP has recently described in the stomach 
wall comparable to the nodal system of the heart 

Manipulation of the hunger contractions has been carried out by 
changing mental states and the administration of various substances 
Excitement, fear and anger inhibit hunger This comes well within 
the experience of the individual Tracings from the stomach demon- 
strate that the hunger contractions in these conditions are inhibited 
Water, acid s, alkalis, and food taken by mouth or placed directly into 
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the stomach by tube or through a fistula also inhibit contractions ° 
Fever associated with anorexia inhibits contractions,' while in the 
cachexia of advanced pulmonary tuberculosis with chronically high 
temperature they may be extremely vigorous ® In starvation® and 
experimental pancreatic diabetes’" contractions arc^ marked ' The 
effects of drugs on stomach activity has not been emphasized nearly to 
the degree that the intestine has been studied from this standpoint 
Some facts in this regard ha\e already been established clinically 
The present work was undertaken to determine the effects of various 
common drugs on the hunger contractions by the use of the balloon 
method 

nXPCRIMCNTAL MCTIIODS 

Gastric fistulae were produced in twelve dogs, and in four of these 
both vagi and siDlanchmcs were cut In the latter cases it has been 
found advisable to section the splanchnics first, inasmuch as this part 
of the preparation is the most difficult and attended with the greatest 
fatality The major splanchnic is severed as it emerges from the dia- 
phragm On the left side it lies lateral to the adrenal, running toward 
the gland parallel with the large adrenal \ ein The right splanchnic is 
more difficult to obtain because the Iner hampers good exposure and 
the nerve very frequently lies beneath the vena cava Hemorrhage 
from the many small reti operitoneal veins about the adrenal makes 
the operation more difficult because other structures are easily mis- 
taken for the nerve Occasionally pneumothorax is produced by 
exploiing the edge of the diaphragm, but this is not fatal In about 
two weeks the vagi may be severed Incision is made in the eighth 
or ninth interspace on the left side and somewhat posteriorly The 
esophagus is hooked up through the interspace , the right and left 
vagus lying posteriorly and anteriorly, respectively, are giasped in a 
hemostat and a piece excised All branches are similarly treated, and 
the wound is quickly closed If the operation is done hurriedly, that 
is to say, two or three minutes elapsing from opening to closure of 
the pleural cavity, artificial respiration is not necessary In fact, we 
used artificial respiration but twice, and lost but one animal at this 
stage, an accident which, with the technic developed subsequently, 
might have been avoided If the animal shows signs of difficulty the 
edges of the wound may be approximated with the fingers until 
respirations become more regular, and the operation may then pro- 

6 Carlson Am Jour Physiol , 1912, 31, 151, and 1913, 32, 389 

7 Meyer and Carlson Am Jour Physiol , 1917, 14, 222 
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ceed In one case the heart stopped pulsating for about one minute 
By rapid and vigorous massage of the heart directly with two fingers 
through the intercostal space to imitate as nearly as possible the force 
and rate of the heart, pulsations recovered slowly and very feebly at 
first, finally at the usual rate and strength as near as one could deter- 
mine The dog recovered and lived many weeks, dying from respira- 
tory infection This result could not be repeated in other conditions 
and was probably due to recovery from reflex stimulation of the 
vagus The gastric fistula was made through the left rectus to make 
use of the valve action of that muscle A cone of stomach was drawn 
through the opening and the serosa stitched to the peritoneum, fascia 
and skin by three or four stitches in each layer The apex was opened 
and the mucosa tacked to the serosa by three loose stitches 

The drugs were used on both sets of animals, those with the 
“intact” stomach ha\ mg the nerves intact, and those with the “isolated” 
stomach having the peripheral nerves sectioned The animals were 
easily trained to he on the laboratory tables in a moderately darkened 
room with a towel covering the head to keep out the light and prevent 
their disturbance from such outside factors as the presence of others 
in the laboratory and the manipulations of the observer It was pos- 
sible in this way to have four animals running together while a single 
observer manipulated the kymographs, administered the drugs and 
recorded observations One finds that the dogs will he on the plain, 
unco^ered table, not requiring soft blankets They become so accus- 
tomed to the routine that they choose the proper laboratory by prefer- 
ence when released from the kennels, and he quietly until the balloon 
is removed from the stomach at the end of the observation, when they 
sense their liberty and jump from the table The animals are so 
astonishingly quiet during observations that other workers coming 
into the room unfamiliar with the work think the dogs are anesthetized 
Subcutaneous and even intravenous injections may be made without 
disturbing the animal One can, unassisted, apply the constrictor to 
the leg. plunge the needle into the vein, remove the constrictor and 
inject without causing the animal to change his position Hypodermic 
and intramuscular injections require no assistance 

RESULTS 

At) opjii —Auer and Meltzer^^ assert that atropm causes paralysis 
of the vagus endings connected with the ganglia of Auerbach’s plexus 
and that the action is on the myoneural junction Cushny^^ believes that 
the terminations are not paralyzed, because small doses only arrest 

11 Auer and Meltzer Am Jour Phjsiol, 1906, 17 , 17 

12 Cushny Pharmacology and Therapeutics, Philadelphia and London, 1913 
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Fig 1— Atropin, gram subcutaneously, causing complete inhibition in seven minutes lasting hours 
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certain abnormal violent forms of contractions without interfering 
with normal peristalsis He also says that larger doses increase, and 
very large doses paralyze, the latter probably never occurring m the 
intact animal Clinically, belladonna relieves some spasmodic con- 
ditions of the stomach by paralyzing the vagus and allowing unopposed 
action of the splanchmcs Fluoroscopic examination has shown that 


TABLE 1— Atpopix 


! 

l 

'^tomath \ 

1 

Adminis- 1 

tration t 
1 
1 

Dose, 

Gram 

Result 

' j 

Latent 

1 Interval j 
Minutes 

Dura 
tion of 
Effect 

Eemarks 

Intact 

t 

Subcu*'a 1 

DPOUS ! 

l/£0 

Inhibition | 

j 1 

7 



Intact 

•^ubcuta- 1 
neons 

l/£0 

Inhibition ! 

! i 

10 



Intact 

Subcuta 

neous 

l/£0 

Inhibition | 

1 

14 


Esenn, 1/80 grain given 
i 23 minutes after inhibi- 
tion began yielded con- 
; tractions in 23 minutes 

Intact 

Intact 

‘Subcuta- 

neous 

Subcuta- 

neous 

1/70 

1/70 

Inhibition j 
! 

< 

1 

1 Inhibition j 
1 

s 

5 

1 2 hrs 40 
min then 
contrae 
tions 

; Oc-caslonal contractions 
i “escaiKd'’ 

I 

1 

Intact 

Pubcuta- 

neons 

1/CO 

Inhibition 

! 

7 

Ibr 

40 min 


Intact 

Subcuta- 

neuos 

1/CO 

Inhibition 

1 o 

1 br -f 

20 minutes after pilocar- 
pin 1/C grain 

Intact 

Snbenta- 
neous i 

1/CO 

Inhibition 

D 


1 hour 20 minutes after 
eserin 1/00 grain 

Intact 

Subenta- 

ncouE 

1/00 

Inhibition 

4 

20 min 


Intact 

Snbeuta 

neons 

1/100 

Inhibition ' 

8 


CO minutes after pilocar- 
pin 1/12 grain 

“lEolated” 

Subcuta 

neous 

1/CO 

Inhibition 

8 

1 hr -c 

17 minutes after pilocar- 
pin 1/6 grain 

“lEolatcd” 

Sabenta- 

neons 

1/40 

j 

Inhibition ! 

8 

4 hrs ^ 

Pituitary extract (Ar- 
mour) ampule intraven- 
ously, 2 hours after fol- 
lovred by small Infre- 
quent contractions 

1 

Subcuta- 

neous 

1/40 

i 

Inhibition 

10 

Ihr 

20 min — 

1 hour 52 minutes after 
pilocarpin 1/6 grain 


often the spasm is suddenly relieved, while in other cases shown to be 
spasmodic by the massage test, it has no effect. Hertz^^ says that 
belladonna is remarkably efficient m hour glass contractions of spas- 
modic origin and may even relieve spasm in the presence of active 
ulceration In our work atropin sulphate in doses from %o to %o gram 
hypodermically invariably inhibited contractions and counteracted the 

^ 13 Barclay Alimentary Tract* A Radiographic Study, York, 1915, 
14 Hertz See reference Footnote 2, p 76 
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effect of pilocarpin and eserm in this regard The tune of action is 
quite constantly between five and ten minutes The inhibition is 
sudden, decisive and persists for hours Occasionally a few undula- 
tions “escape” Otherwise the tracing records only the respiratory 
oscillations The fact that the same results obtain in “isolated” stom- 
ach indicates that the action is on the myoneural junction 


TABLE 2 — PiiocARPiN 


Stomach 

Admmis 

tration 

Dose, 

Grain 

Eesult 

Latent 

Interval, 

Minutes 

Dura 
tion of 
Effect 

EemarXs 

Intact 

Subcuta- 

1/5 

Increased 

8 

1 

i 20 mm 

35 minutes after epineph- 


neous 


tonus 



rin (adrenalin), 2 cc 







1 10,000 intravcnouslj 







and subcutaneously 

Intact 

Subcuta 

1/5 

Contrac 

5 

45 min -f 



neons 


tiona 





r Intact 

Subcuta 

1/75 

No effect 

! 





neous 




1 



1 Intact 

Subcuta 

1 1/75 

Slight in 


2 hrs + 

Gradual increase after 


neous 


crease 



second dose 

Intact 

Subcuta- 

1/6 

Contrac 

8 

1 hr 1 

Gradual increase m tonus 


neous 


tions 


30 min + 

preceded the contrac 



! 




tions, later inhibited by 






! 

atropin 

Intact 

Subcuta 

1/12 

Contrac 

15 

50 mm 

Inhibited by subsequent 


neous 


tions 



atropin 

Intact 

Subcuta- 

1/12 

Contrac 

9 


40 minutes after pituitary 


neous 


tions 



extract 

<1 

Isolated” 

Subcuta 

1/6 

Contrac 

8 

1 hr 

Increase in tonus preced 


neous 


tions 


30 min -j- 

ed contractions, inhib 







Itcd by subsequent 







atropin 

"Isolated” 

Subcuta 

1/5 

Contrac 

6 

1 hr 

46 minutes after eserm 


neous 


tions 



1/40 grain 

<1 

'Isolated’ 

Subcuta 

1/6 

Contrac- 

3 


Inhibited by atropin 20 


neous 


tions 



minutes later 


Pilocarpin — Sollmann^®says that the myoneural junctions paralyzed 
by atropin are stimulated by pilocarpin In doses from %2 to Vs grain 
hypodermically the contractions are augmented, accompanied by dimin- 
ished pulse rate With the change m pulse rate as a criterion for 
absorption it could be determined that absorption occurred in seven 
to ten minutes The contractions were inhibited by subsequent atropm 
m the usual five to ten minutes The same effect was noted with 
section of the nerves, confirming SoIImann’s opinion that pilocarpin is 
effective even after degeneration of the nerves 

Eseiin — Stimulation is produced by eserm, particularly by intra- 
venous administration In subcutaneous injections there is often a 
long latent period before activity begins, but activity remains as long 
as four hours Again, as with pilocarpin, coincident with the gastric 

15 Sollmann Manual of Pharmacology, 1917, p 299 
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Figure 2B 
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manifestations, in the experiments the pulse rate fell as low as 50 beats 
per minute, and gradually returned to normal with abolition of the 
gastric effects Inasmuch as similar effects were obtained on the 
“isolated” stomach, the work confirms the belief that eserin also acts 
on the nerve endings 

TABLE 3 — ^Eserin 


Stomach 

Adminis 

tration 

Bose, 

Gram 

Eesult 

Latent 

Interval, 

Minutes 

Burn 
tion of 
Effect 

Remarks 

Intact 

Subcuta 

1/60 

Contrae 

6 

1 hr 

Eor 1 hour contractions 


neuos 


tions 


30 min + 

unusually strong 

Intact 

Subcuta 

1/100 

Contrae 

6 

2 hrs + 



neous 


tions 




Intact 

Subcuta 

1/50 

Contrae- 

2 

40 min 

Very strong contractions. 


neuos 


tions 



may have been oncoming 







regular period 

Intact 

Subcuta 

1/60 

Contrae 





neous 


tions 

i 



Intact 

Subcuta- 

1/60 

No contrae 



Administered 19 minutes 


neuos 


1 tions 



after atropin 1/60 grain 

Intact 

Subcuta 

1/60 

Contrae 

6 

1 hr 

Inhibited by atropin 


neous 


j tions 


35 min 


Intact 

Subcuta 

! 1/100 

1 Contrae- , 

1 

5 




neous 


tions 


! 



[ Intact 

Subcuta 

1/80 

Contrae 

20 

so min 

37 minutes after atropin 



1 neous 


tions 


1 

1/80 grain 

• 

Intact 

Subcuta- 

1/80 

Contrae 

28 

4 mm 

2 hours 32 minutes after 

1 


neous 


tions 



preceding eserm 


Intact 

Subcuta 

1/60 

Contrae 

14 

12 min 

39 minutes after preced- 


neous 1 


tions 



ing cserin 

Intact 

Intrave | 

1/100 

Contrae 1 

5 


Moderate increase mth 


nous 


tions 



tonus undulations 

Intact j 

Intrave { 

1/100 

Contrae i 

4 

i 

Large tonus undulation 


nous 


tions 1 




it 

Isolated” 

Intrave | 

1/100 

Contrae- | 

35 


Periodic sequence 


nous 

1 

1 

tions 




it 

Isolated” 

Intrave 

1/50 

Contrae- 

7 

4 hrs + 

Marked increase 


nous 


tions 




‘asolated” 

Subcuta- 

1/40 

Contrae- 

5 


Increased tonus 


neous 


tions 




“Isolated” 

Subcuta- 

1/40 

Contrae- 


2 hrs -b 



neous 


tions 

1 



(1 

‘Isolated” 

Subcuta- 

1/50 

Contrae 

6 

3 hrs 



neous 


tions 


15 mm -t- 


< 

‘Isolated" 

Subcuta- 

1/40 

Slight con 

20 




neous 


tractions 





Cocavn In general, it is asserted that cocain first stimulates, tlien 
depresses smooth muscle regardless of innervation Cushny^’' believes 
that It paralyzes the local nervous mechanism Profound inhibition 
occurs with doses of 1 c c of 0 5 per cent solution of cocain per 

16 Sollmann Manual of Pharmacology, 1917, p 252 

17 Cushny Pharmacology and Therapeutics, 1913, p 308 




Fig 3 Cocam, 1 cc of 1 per cent per kilogram subcutaneously, causing profound inhibition lasting over two hours 


Cn 
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kilogram The tracings give a striking picture demonstrating why 
cocain allays the hunger pangs 


TABLE 4 — Cocain 


stomach 

Adminis 

tration 

Dose 

Result 

li-itent 

Interval, 

Minutes 

Dura 
tion of 
Effect 

Remarks 

Intact 

Intrnve 

nous 

3 c c 0 5% 

7 81>g 

Inhibition 

1 

30 min + 

Lowered tonus, increased 
respiratory rate 

Intact 

Subcutn 

neous 

1 c c 0 5% 
perhg 

Inhibition 

10 

2 hrs + 

Lowered tonus, active 
period shortened 

Intact 

Subcuta 

neous 

Icc 0 5% 
per hg 

14 c c 

Inhibition 

26 

1 hr 

30 min + 

Given in active period, 
preliminary rise in tonus 
and contractions, then 

I lowered tonus and con 
tractions and increased 

1 respirations 

Intact 

Subcuta 

neous 

05 cc 1% 
per hg 

5 c c 

Slight in 
hibition 

45 

Ihr + 

Git on in moderately ac 
live period, low degree 
contractions 

Intact 

Subcuta 

neous 

Icc 1% 
per hg 

9 2 e c 

Inhibition 

15 

2 hrs + 

Marked sahtation, ani- 
mal licking nose 

Intact 

Subcuta 

neous 

1 c c 1% 
per hg 
See 

Inhibition 

10 

2 hrs 

30 mm + 

Netcr regains usual vig 
orous contractions 

Intact 

Subcuta- 

neous 

1 c c 1% 
per hg 

7 c c 

Inhibition 



Gradually appearing low- 
ered tonus and increased 
respirations 

Intact 

Subcuta 

neous 

1 C C 1% 
per hg 

11 c C 

Inhibition 

18 

2 hrs + 

Marked result 

Intact 

Subcuta 

neous 

1 c c 1% 
per kg 

9 c c 

Inhibition 

6 

2 hrs + 

Marked result 

Intact 

Subcuta 

neous 

1 c c 1% 
per kg 

9 2 c c 

Inhibition 

10 

2 hrs + 

Marked result 

“Isolated” 

Subcuta 

neous 

1 c c 1% 
per kg 

11 cc 

Slight in 
hibition 

15 

2 hrs + 

Lowered tonus 15 min 
utes, active 30 minutes 
then rest 2 hrs + 

“Isolated” 

Subcuta 

neous 

1 c c 1% 
per kg 

11 c c 

Slight in 
hibition 



Inereased tonus at first 
ns if remnant of an ac 
tive period, then lowered 
tonus and inhibition 

“Isolated” 

Subcuta 

neuos 

05c c 1% 
per kg 

5 5 c c 

Slight in 
hibition 

12 

1 hr 

SO min + 

Increased respiration, 

lowered tonus, later 
complete inhibition for 
1 hour 30 minutes 


Camphor — Camphorated oil was administered to determine whether 
Its stimulating effect on the central nervous system is reflected in any 
manner in the activity of the stomach The stimulating effect observed 
is only obtained when the drug is administered intramuscularly In 
large doses the contractions appear to become more frequent and 
intense, and the period of activity is prolonged 

Sti ychmn As widely employed as strychnin is for its tonic value, 
there has been no experimental evidence for its supposed gastric effect 



TABLE 5 — Camphor 


stomach 

Adminis 

tration 

Dose, 

Grain 

Result 

Dura 
tlon of 
Effect 

1 

1 

RemarlvS 

Intact 

1 

Suhcuta 

neons 

1 

No change 

1 

1 

1 

i 

Given at beginning of active period 
contractions began lasting 1 hour 
20 minutes 

Intact 

Subcuta 

neons 

2 

Increased 

activity 

2 hrs + ! 

Given at beginning of increased 
tonus, contractions began in 4 
minutes and lasted 2 hours + 

Intact 

Intramns 

cnlar 

3 

No change 


Given during rest period and ob- 
seived for 45 minutes 

Intact 

Intramns 

cnlar 

3 

Increased and 
prolonged 
activity 

Ihr + 

Given in active period, contrac- 
tions became more frequent and 
intense and period prolonged 

Intact 

Intramns 

cnlar 

1 

3 

Increased and 
prolonged 
activity 

I hr 

30 min + 

1 

Given in active period, contrac 
tions became more frequent and 
intense and period prolonged 

Intact 

Intramns 

cnlar 

3 

Increased and 
prolonged 
aetivity 

1 hr 

30 min + 

Given in active period, contrac- 
tions became more frequent and 
intense and period prolonged 

Intact 

Intramns 

cnlar 

3 

Increased and 
prolonged 
aetivity 

1 hr 

30 min + 

Given in active period, contrac- 
tions became more frequent and 
intense and period prolonged 

“Isolated’’ 

Intramns 

cnlar 

3 

Increased and 
prolonged 
activity 

2 hrs + 

Given in active period, contrac 
tions became more frequent and 
intense and period prolonged 

“Isolated’’ 

Intramns 

cnlar 

3 

Increased and 
prolonged 
activity 

1 hr 

30 mm + 

Given in active period, contrac- 
tions became more frequent and 
intense and period prolonged 

“Isolated’’ 

Intramns 

cnlar 

3 

Contractions 

2 hrs + 

Given during rest period, contrac 
tions began m 10 minutes, lasting 
2 hours + 


TABLE 6 — Strychnin 


Stomach 

Adminis 

Dose, 

Grain 


Latent 



tration 

Result 

Interval, 


Remarks 





Minutes 



Intact 

Subcuta 

1/60 

Contrac 

5 

3 hrs 

Increased excitability 


neous 


tions 

1 


Intact 

Subcuta- 

l/GO 

Contrac 

2 1 

1 hr 

Prolonged active period 


1 neous 


tions 


30 min 

Intact 

Subcuta 

1/60 

Contrac 1 

G 

2 hrs 

Moderate but prolonged 


1 neous 


tions 



Increase 

Intact 

1 Subcuta 

1/60 

1 

Contrac- 


45 min 

Given m active period, in 


1 neous 


tions 



creased contractions but 
diminished when mild 
spasms began 

Intact 

Subcuta 

1/60 

Contrac 

16 

1 hr 

Moderate increase, dimin- 


neous 

t 

tions 



ished when spasms began 

Intact 

Subcuta- 

1/60 

Contrac 1 

6 

2 hrs -f 

Marked increase, given in 


neous 

i 

tions 



active phase 

Intace 

j 

i 

Sul3cuta 

neous 

1/00 

1 

Contrac 

tions 

10 

1 

1 hr 

Given 1 hour after 1 30,000 
cpmephrin applied to 



1 




surface of gastiic fistula 

Intact 

Subcuta- 

neous 

1/100 

No con 



Given Ihour after 1 30,000 


1 

traction 


1 

epmephrm to nasal mu 
cosa 


“Isolated’’ 

Subcuta 

neous 

1/60 

Slight con 1 
traction 

1 


Low grade contractions 




1 

with no definite active or 
inactive periods for 2r/. 
hours 


1 



“Isolated” 

Subcuta 

neous 

1/60 

Contrac 

tions 


1 hr 

Given in active period. 




SO min 

increased tonus and con 

"Isolated” 

Subcuta 

neous 

1/60 

Contrac 

tions 

6 

1 hr 

30 min 

tractions 

“Isolated” 

Subcuta- 

neous 

1/90 

1 

Contrac 

tions 

8 

1 

2 hrs 
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It IS the usual conception that it increases the tone of the centers 
regulating the gastro-intestmal tract With doses of %o to Yao gram 
subcutaneously, stomach tonus was increased, but at the same time the 
general excitability of the animal was increased so that the increased 
height of the writing level may have been due to the increased tonus 
of the abdominal muscles At the same time, however, there appears 
to be a definite increase m the hunger contractions themselves Poliak^® 
says that strychnin probably has no efifect in ordinary doses given 
hypodermically Direct application to Auerbach’s ganglia causes 
stimulation 


TABLE 7 — ^Amyl Nitrite 


Stomach 

Adminis 

tration 

Dose, 

Minims 

Result 

Latent 

Interval, 

Minutes 

Dura 
tion of 
Effect 

RemarliS 

Intact 

Inhala 

10 

Temporary 

Imme 

5 min 

Siightlv lowered tonus 


tion 


inhibition 

diate 



Intact 

Inhala 

10 

Temporary 

Imme 

y> min 



tion 


inhibition 

diate 



Intact 

Inhala 

10 

Temporary 

Imme 

min 



tion 


inhibition 

diate 




■ Intact 

Inhala 

5 

Temporary 

Imme 

J/4 min 

Inhibition ■nhilc animal 



tion 


inhibition 

diate 


struggled against inhal- 








ing the drug, but a large 








contraction, “escaped” 


Intact 

Inhala 

5 

Temporary 

Imme 


Only one of the regularly 


tion 


inhibition 

1 diate 


appearing contractions 







was inhibited 15 minutes 







after preceding dose 

Intact 

Inhala 

5 

Temporary 

Imme 

Vz min 



tion 


inhibition 

diate 



Intact 

Inhala 

5 

Temporary 

Imme 

% min 



tion 


inhibition 

diate 



"Isolated” 

Inhala 

5 

Temporary 

Imme 

5 min 

Lowered tonus slowly 


tion 


inhibition 

diate 


restored 


Isolated” 

Inhala 

5 

Temporary 

Imme 

5 min 

Given in active phase. 


tion 


inhibition 

diate 


lowered tonus quickly 







restored 

<1 

'Isolated” 

Inhala- 

5 

Temporary 

Imme 


Persistent low tonus, no 


tion 


inhibition 

diate 


contractions 


‘Isolated” 

Inhala 

5 

Temporary 

Imme 




tion 


inhibition 

diate 



"Isolated” 

Inhala 

5 

Temporary 

Imme 

15 min 

Given 55 millimeters after 


tion 


inhibition 

diate 


preceding dose 

“Isolated” 

Inhala- 

5 

Temporary 

Imme 

4 min 



tion 


inhibition 

diate 



"Isolated” 

Inhala 

5 

Temporary 

Imme 

10 min 

Original tonus aery slowly 



tion 


inhibition 

diate 


restored 


Amyl N'ltiite Hirschfelder^® says that systemic administration of 
nitrites relaxes the constriction produced by lead salts, although this 

18 Poliak Biochem Centralbl , 1910, 10 , 199 

19 Langley and Magnus Jour Physiol , 1905-1906, 33, 37 

20 Hirschfelder Jour Am Med Assn , 1915, 65, 516 
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•Amyl nitrite, 5 minims by inhalation, causing only slight temporary inhibition, as shown between X- 
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treatment for lead colic is not successful Inhalation of 5-minim 
pearls often repeated after short intervals causes only a temporary 
inhibition which disappears as soon as the drug is removed from the 
nostril The effect may be psychic, but the contractions which follow 
are not reduced in frequency, intensity or duration In animals with 
the nerves sectioned the same inhibition is observed, but after removal 
of the drug the tonus remains depressed for a long time, only gradually 
returning to its original height 


TABLE 8 — Epinephrin 


Stomach 

Adminis 

tration 

Dose 

Result 

Latent 

Interval, 

Minutes 

Dura 
tion of 
Effect 

Rem arts 

Intact 

Intrave 

nous 

lee 

1 10,000 

Inhibition 

Imtne 

diate 

Ihr + 


Intact 

Intrave 

nous 

1 e c 

1 10,000 

Inhibition 

Imme 

diate 

Ihr 


Intact 

Intrave 

nous 

1 c c 

1 10,000 

! Inhibition 

! 1 


Also lowered tonus 

Intact 

Intr ive 
nous and 
subcut 

2 c c 

1 10,000 

Inhibition 

8 

2 hrs + 

Lowered tonus, later 
complete inhibition 

Intact 

Raw sui 
face of 
fistula 

1 30,000 * 

Inhibition 

3 

2 his + 

Lowered tonus 

Intact 

^asnlInu ' 
cosa 

1 30,000 

Ko effect 




‘ Isol ited ’ 

Subeuta ' 
neous 

1 c c 

1 10,000 

Lowered j 
tonus 1 

10 1 



“Isolated” 

Intra^e 

nous 

10 min 

1 10,000 

Inhibition 

Imme 
diate 1 

40 min 


“Isolated” 

Intrave 

nous 

10 mm 

1 10,000 

Inhibition 

1 

1 

1 hr + 


‘ Isolated ’ 

Intra's e 
nous 

20 min 

1 15,000 

Inhibition 

2 

Ihr 


“Isolated ’ 

Intrave 

nous 

4 c e 

1 25 000 

Inhibition 

5 

lhr + 

Period of tetany pre 
ceded inhibition 


Epinephi m — Administration of adrenalin (Parke, Davis & Co ) 
causes prompt and marked inhibition of the hunger contractions 
This action should be expected because of its property of stimulating 
the nerve endings of the sympathetic system The consequent stimu- 
lation of the splanchnic endings counteracts the augmentatory effects 
acting through the vagi Meyer and Gottlieb"^ say that epinephrin by 
mouth and by hypodermic injection is ineffective, and when given 
intravenously acts only a few minutes Our tracings show that the 
inhibitory effect on the hunger contractions when the drug is given 
intravenously may last much longer Enough of a 1 to 30,000 solution 
was absorbed from the eroded surfaces about the gastric fistula to 


21 Meyer and Gottlieb Text Book, Philadelphia and New York, 1914, p 188 
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cause inhibition Subcutaneous injection gives a slower response 
Inhibition also occurs with the “isolated” stomach, since it is known 
that the physiologic nerve endings stimulated by epmephrin do not 
degenerate on section of the nerves, so that the epmephrin effect may 
persist for weeks 


TABLE 9 — Ergot 


Stomach 

Adminis 

tration 

Dose, 

Ampule 

Besult 

Latent 

Interval, 

Minutes 

Dura 
tlon of 
Effect 

Remarks 

Intact 

Subcuta 

neons 

1 

Increased 

contract 

5 

1 hr 

Increased tonus undula- 
tions 

Intact 

Intramus 

cular 

1 

Marlccd in 
crease 

21 

1 hr 

30 min 

Unusual steplike rise nith 
great tonus, short rest, 
then activity 

Intact 

Intrave 

nous 

% 

Ko cHect 


1 

Two large contractions, 
then inhibition followed 
by active period 

Intact 

Intrave 

nous 

1 

Temporary 

Inhibition 

' 

1 

3 min 

Given in active period, 
subsequent contractions 
lowered tonus 

Intact 

Intrave 

nous 

1 

Temporary 

inhibition 

1 

3 min 

Lowered tonus for SOmin- 
utes, return of contrac- 
1 tions for 2 hours + 

Intact 

Intrave 

nous 

1 

Temporary 

Inhibition 

1 

3 min 

Lowered tonus following 

“Isolated" 

Intrave- 

nous 

1 

Temporary 

inhibition 

1 

3 mm 


“Isolated’’ 

“Isolated" 

Intrave 

nous 

Intrave 

nous 


Contrac 

tions 

No elTcet 

1 

Ihr 

30 min 

Almost immediate step 
like rise with enormous 
tonus well sustained 

“Isolated" 

Intrave 

nous 

1 

Contract 

3 

2 hrs -f 

28 minutes after preced 
ing, followed by steplike 
rise lasting 2 hours -b 


Subcuta 

neous 

1 

No effect 



Given in midst of active 
period, contractions fol- 
lowed VA hours -1- 


Bigot — It has been found that intravenous injections of the fluid- 
extract of ergot causes an increase in the spontaneous movements of 
the alimentary tract The motoi responsiveness to vagus stimulation 
was also increased Later, Meltzer and Githens^^ injected 10 mg of 
ergotoxin into rabbits and obtained the same results Using ampoules 
of ergot intravenously, we usually obtained a temporary inhibition 
followed by lowered tonus, although contractions ensued Intramus- 
cular injection m one instance gave a tremendous steplike rise, with 
extremely high tonus level, followed by a short rest, and then another 
active period The same observation was made on injection of an 
ampoule intravenously in an “isolated” stomach twenty-eight minutes 
after a similar injection of one-half ampoule 

22 Meltzer and Auer Am Jour Physiol , 1906, 17 , 143 

23 Meltzer and Githens Proc Soc Exper Biol and Med , 1916, 13 , 87 
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Fig 6 — Ergot, 1 ampule intravenously, with almost immediate steplike rise, with well-sustained, marked tonus 





Fig 7 Pituitnn (P D & Co), 3 minims intravenously, with prompt inhibition 
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CONTROL OF HUNGER BY DRUGS 

Pitwtaiy Extinct — It is commonly believed that pituitaiy extracts 
stimulate smooth muscle regardless of innervation, and it is given in 
paralytic distentions In the experiments reported the effect of 
pituitary preparations was remarkably like that of epinephrin Imme- 
diately after injection inhibition occurs Parke, Davis & Co ’s pituitrm 
and Armour’s pituitary liquid were used with similar results, although 


TABLE 10 — Pituitary Extract 


Stomach 

Adminis 

tration 

Dose 

Result 

Latent 

Inteival, 

1 Minutes 

Dura 
tion of 
Effect 

Remarks 

Intact 

Subcuta 

neous 

1 c c 

(P D Co ) 

Slight m 
hibition 

7 

30 mm + 

1 

1 

Given during moderate 
contractions 

Intact 

Subcuta- 

neous 

1 c c 

(Armour) 

Ko effect 


SO mm 

Given in quiescent period 

Intact 

Intrave 
j nous 

1 c c 

(P D Co ) 

Inhibition 

Almost 

1 Imme 
diate 

30 mm + 

1 ! 
1 


Intact 

Intrave 

nous 

5 mm 
(P D Co ) 

Inhibition 

Almost 

Imme- 

diate 

1 hr 


Intact 

Intrave 

nous 

3 mm 
(PD Co) 

Inhibition 

Almost 

1 Imme 
diate 

30 min + 


Intact 

Intrave- 

nous 

0 5 c c 
(Armour) 

Inhibition 

Almost 

Imme- 

diate 

30 min 

After 30 minutes sloulv 
developing contractions 
appeared 

Intact 

Intrave 

nous 

1 0 c c 
(Armour) 

Inhibition 

Almost 

Imme 

diate 

Ihr 

1 

Occasional low grade con- 
tractions appeared 

“Isolated” 

Subcuta- 

neous 

1 0 c c 
(Armour) 

No effect 



Given in an active period 

“Isolated” 

Sub cut a 
neous 

10c c 
(P D Co ) 

Inhibition 

16 


Given in an active period 

“Isolated” 

Intrave 

nous 

1 0 c c 
(Armour) 

No inhibi- 
tion 



Periodic contractions 
although infrequent, oc 
curred after administra- 
tion 

“Isolated” 

Intrave 

nous 

1 0 c c 
(P D Co ) 

Inhibition 

Almost 

Imme 

diate 

1 hr 

Subsequent active period 
short 

“Isolated” 

, / 

^ Intrave 
nous 

10 mm 
(P D Co ) 

Inhibition 

Almost 

Imme 

diate 

2 hrs 

Given in middle of active 
period 

“Isolated” 

Intrave 

nousi 

5 mm 
(P D Co ) 

Inhibition 

Almost 

Imme 

diate 

Ihr 

Given in beginning of ac 
tive period 


both preparations caused a rise in blood pressure when tested on 
crucial animals In accordance with these results are the results of 
Bayer and Peter,^^ who noted that pituitrm and also fresh extract of 
the pituitary body might inhibit the movements and tone of rabbits’ 
isolated intestinal loop Shamoff=° and Hoskins^^ found that the intes- 


24 

25 

26 


Sollmann Manual of Pharmacology, 1917, p 339 

Bajer and Peter Arch f exper Path u Pharmakol , 1911, 64, 209 

Am Jour Physiol , 1915-1916, 39, 268 
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tinal action vanes greatly in different preparations, some even relaxing 
like epinephrin Even extracts of fiesh glands gave this result, 
although blood pressure tests were normal The effects of pituitrin 
weie remarkable in their inhibitory effects Having determined the 
length of the periods by mere recording without administering the 
drug, one could observe that administration of pituitrm cut short the 
active period so that the subsequent rest period equaled the rest period 
usual for that animal on that particular day plus the “inhibited” por- 
tion of the previous active period arrested by pituitrm By repeating 
the drug one could predict with surprising accuracy about the time of 
onset of the next active period It appears, therefore, that the action 
of pituitrm IS of short duration 

COMMENT 

To preserve the conditions of experimentation as nearly constant as 
possible the records were taken about 1pm, running on until about 
5pm The dogs were then fed and given nothing else but water until 
after the next observation at the same hour on the next day To 
obtain more accurate results the drugs were given by routes enabling 
prompt absorption and action so that the change m the picture of 
gastric motility might be referred to the manipulation Observations 
were made for some time before injections to determine whether the 
stomach was m a period of rest or activity Only m this way, record- 
ing several periods, can the observer decide that he is dealing with the 
beginning of a rest or active period as the case may be By observing 
the periodicity the time interval may be determined so that one may 
conclude fairly regarding the effects of the drug For instance, if a 
drug is admmisteied at the end of an active period the subsequent 
rest period may be fallaciously ascribed to the drug In any work 
involving the hunger contractions it is of prime importance to deter- 
mine the phase of gastric motility and repeat the manipulation during 
different phases There still remains a large field for intensive experi- 
mentation with drugs by varying the preparations and dosages, study- 
ing the intestinal movements simultaneously and checking results with 
observations on the other pharmacologic effects of the drug employed, 
which the exigencies of the present situation prevent the authors from 
surveying 

Thanks are due Drs A J Carlson and A B Luckhardt for their valuable 
suggestions and Dr Jacob Meyer and Mr Seymour Cohen for their kind 
assistance in part of the work 

27 Hoskins Jour Am Med Assn, 1916, 6G, 732 
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REPORT OF A CASE OF PAROXYSMAL TACHYCARDIA 
CHARACTERIZED BY UNUSUAL CONTROL 
OF THE FAST RHYTHM ’i' 

EDWARD PERKINS CARTER, MD 

BALTIMORE 

AND 

ALFRED M WEDD, MD 

PITTSBtmGH 

In view of the fact that the subject of this report possessed to a 
remarkable degree the power of control over his pathologic rhythm', 
the following instance of paroxysmal tachycardia in a young adult 
seemed to us of sufficient interest to report in some detail It is greatly 
to be regretted that we had but a single opportunity to observe the 
individual for a few hours, as he left the city permanently the day after 
these observations were recorded 

Apart from the control of these ectopic rhythms occasionally seen 
following vagus stimulation either by direct pressure or reflexly as a 
result of various methods of clinical procedure, their voluntary con- 
trol IS seldom met with 

Although It IS impossible in the present instance to determine with 
absolute exactness the means by which such voluntary inhibition is 
exercised, we have assumed that our use of the term “voluntary 
control’’ implies essentially the power on the part of the individual to 
bring about an abrupt change in his cardiac rate that is undoubtedly 
induced by some indirect vagal stimulation 

The subject of this note had for many years experienced attacks of 
abrupt, extreme acceleiation of his cardiac rate, brought on at widely 
varying intervals by some unusual slight exertion, or often without 
any definitely known exciting cause, these attacks always being accom- 
panied by the usual symptoms of distress referable to his disturbed 
circulation Four or five years previously he first noticed that he had 
acquired the power to cut short these attacks, as he expressed it, by 
voluntary effort This was accomplished apparently by a mental con- 
centration associated frequently with an effort to yawn, or by a forced 
deep inspiration momentarily held 

When seen in September, 1917, by one of us, he seemed to have 
the powei of initiating the onset of his tachycardia in much the same 

•^Submitted for publication July 11, 1918 

From the Medical Clinic of the Cleveland City Hospital and the Western 
Reserve University 
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way that he now controls its offset, without any evident muscular 
effort As, however, satisfactory records were not obtained at this 
time we cannot say definitely that this was a correct interpretation 
At piesent, Februaiy, 1918, he can induce the onset of his fast 
rhythm by various slight abrupt muscular efforts, but no similar effort 
had the slightest effect m controlling the offset of the new rhythm, 
this being accomplished solely by some conscious subjective effort while 
sitting quietly with his hands and foot in the immersion electrodes 
Neither yawning nor any disturbance of his respiratory rhythm alone 
was sufficient to abort the attack, some other factor seeming to be 
necessary 



Fig 1 — Normal electrocardiogram Lead 11 Rate 108 per minute The 
P-R interval measures^OlS second Note the premature atrial systole 



Fig 2 — ^Lead II First half of the figure during the pathologic tachycardia, 
rate 200 per minute At the point marked by the arrow he was asked to 
stop the paroxysm The change from the fast to the slow rate is apparent, 
in this instance, without anj”^ long pause The P-R interval measures 0 15 
second Note the marked inequality in the height of the R peaks, and with 
the onset of the slow rate the very suggestive “staircase” phenomenon 

His history is briefly as follows 

F P L aged 29, student, a Russian Jew The family history was negative 

Personal Histoiy — ^There was no history of rheumatic fever, scarlet fever 
or diphtheria He had an acute short attack of influenza in 1912, but no 
historj of anj other illness He denied any venereal infection He had used 
alcohol and tobacco in moderation He thought smoking increased the fre- 
quencj of the attacks and at one time stopped smoking for nine months, but 
noticed no material improiement 


1 We are indebted to Hr Harold Fed for the opportunit}’^ to observe this 
patient 
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Present iUnm -Occurrence of attacks of sudden acceleration of his heart 
rale dated from 1905, when 17 years of age These attacks lasted from a few 
minutes to twelve hours, the longer ones always accompanied by a sense of 
fulness and distress in, the head These attacks commonly followed some 
unusual though slight muscular effort and tvere much more apt to occur li 
he missfed his midday meal or at, any time if he ^felt hungry 

Physical Examinahhn —Thie m^n was oi -slight frame, fairly well nourished , 
muscular development slight, no pathologic deformities noted The upper 
border of cardiac dulness was atithe third interspace, the point of maximum 
impulse 10 cm from the midsternal line in the fifth interspace, right border at 
the right sternal edge , heart sounds clear , first sound at the apex slightly 
accentuated with every fourth or fifth systole, no murmurs heard, pulse 
apparently regular in rate and volume, though varying between the two slow 
rhythms 85 and 106 at different times Blood pressure 112 and 80 The man 
gave one the impression of being a very high strung individual with an unstable 
nervous balance so characteristic of his race 


ANALYSIS OF THE ELECTROCARDIOGRAMS 

In a detailed study of the figures accompanying this report, and 
additional similar records not reproduced, a number of interesting facts 
are apparent 



Fig 3 — Lead II Fast rate 200 At a point three cycles to the left of the 
first cycle of this figure he was asked to stop the tachycardia Note the 
abrupt change to the slow rate The last P-R interval before the first long 
pause IS slightly increased The R-R interval of the first long pause measures 
1 20 seconds, the R-R interval of the second pause measures 1 04 seconds The 
P-R interval with the long pauses measures 0 16 second, that with the pre- 
mature systole at x measures 0 320 second 

The dominant rate of the pathologic rhythm remained constantly 
at approximately 200 per minute, varying between 196 and 204, a rate 
that, according to Lewis,^ approaches the borderline in the arbitrary 
classification between a true paroxysmal tachycardia and atrial flutter 
As a simpler and more logical distinction between these two forms of 
tachycardia, we have considered that the failure of ventricular 
response, in the presence of these bordeilme speeds, constituted the 
essential distinguishing difference, a distinction endorsed by Hart,^ 

2 Lewis Clinical Electrocardiography, Shaw & Sons, London, 1913 

Abnormalities of Myocardial Function, The Rebman Co, New 

York, 1917 
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who further places the arbitrary dilference in rate between the two at 
the still higher atrial speed of 250 per minute In none of our records, 
however, was there at any time a failure of ventnculai lesponse during 
the presence of the atrial tachycardia 

THE VENTRICULAR COMPLEX 

At times, but only for short intervals, the cardiac rate slowed down 
to 85 per minute, the dominant slow rate ranging between 106 and 
108, with a normal electrocardiogram in all three leads and with a 
normal conduction time The form of the ventricular complex remains 
the same at all speeds of the heart before, during and after atropin, 
showing no pathologic alteration except the alternation noted later 
In the presence of the pathologic tachycardia it is possible that 
confusion might arise in an analysis of the galvanometnc curves as to 
the presence of a negative P-wave with a lengthened conduction time, 
were the evidence always as suggestive as is seen in the distinctly 
negative deflection of the string following R in Figure 9 Elsewhere 



Fig 4 — Lead II Abrupt stoppage of the fast rate Signal given four 
cjcles to the left of the first cycle of the figure R-R interval measures 
1 42 seconds 

in all our records there was no such suggestive negative deflection, and 
we have assumed that T and P are fused, P appearing as a positive 
wave, as is so evident with the occurrence of isolated premature atrial 
contractions 

In all the records of our series there is a conspicuous variation in 
the height of the R peaks, amounting in many instances to a definite 
alternation In Figure 2, illustrating the first recorded transition from 
the fast to the slow rate, the first four cycles of the slow rhythm show 
a very suggestive “staircase” phenomenon, which may be looked on 
as additional evidence of a vagus reflex ^ 

THE P-R INTERVAL 

With the onset of the fast rhythm the P-R interval remains prac- 
tically unchanged With the abrupt offset of the pathologic tachy- 

4 Vims Heart, 1912, 4, No 2, p 123 Ritchie Quart Jour Med 1912 
6, No 21, p 47 
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cardia to the slower rate of 106 following voluntary effort, there is 
but a slight change in the conduction time preceding the transition, the 
P-R interval lengthening for the last cycle of the fast rate to shorten 
again with the establishment of the slower rhythm after the pause 
When, however, he was able to slow the dominant rate of 106 
down to 85 per minute, the transition was invariably accompanied by a 
conspicuous lengthening of the P-R interval, associated with an iso- 
lated extrasystole of atrial origin, followed by a long pause (Fig 8) 
At X (Fig 8) the P-R interval measures 0 28 sec In another similar 
instance it was increased to 0 30 sec 



Fig 5 — ^Lead II Rate 200 Right vagus stimulation during the tachycardia 
Vagus pressure applied at point marked by arrow No change in rate 



Fig 6 — Lead II Rate 200 Left vagus stimulation during the tachycardia 
Vagus pressure applied at the point marked by arrow No change in rate 


The P-R interval then measures 0 16 sec during the slowest rate 
of 85, the dominant slow rate of 106, in the presence of the pathologic 
cardia to the slower rate of 106 following voluntary effort, there is 
tachycardia and in the escape under atropin, only lengthening conspicu- 
ously, as IS to be expected, with the transition from a fast to a slower 
rate 

ErrccT or mechanical vagus stimulation 

Repeated attempts by pressure applied over both the right and 
left vagus failed utterly to induce the slightest change in either the 
rate or the cardiac rhythm This failure to demonstrate any alteration 
in the cardiac response to mechanical stimulation of the vagi seems 
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curiously inconsistent with the results that one would have expected in 
an instance of the sort under consideration That in many instances 
of paroxysmal tachycardia vagal stimulation is without the slightest 
effect is too well known to need comment, but just how to reconcile 
the man’s own power of subjective control over his fast rhythm, so 
evidently of vagal origin, in the face of our failure to influence it in 
the slightest by vagal pressure, is not so simple 

Cohn and Fraser, ° in a study of paroxysmal tachycardia and the 
effect of vagus pressure, suggest that when vagal stimulation by 
pressure fails to control the paroxysmal attack and^ other metfiods 
succeed, theVesults may well be attributed to th,e Stimulation 'of the 
inhibitory mechanism by the (successful procedure and failure to do so 
by all other niethods, an explanation that is after all not wholly satis- 
factory 

In a study of certain cases of rhythmic irregularities Robinson 
and Draper® regarded the inability to produce any change m the 



Fig 7 — Lead II Twent>-five minutes after 13 mg of atropm Rate 144 
per minute Fifteen minutes after atropm, rate 135 , an hour after atropm, 
rate 120 Two hours after atropm the heart had escaped from atropm effect 
Note the alternation 

cardiac rhythm by vagal pressure as due to an increased vagal tone , 
the heart in one case described by them escaping under atropm and 
attaining a rate greatly in excess of the rhythmic tachycardia, when 
the individual was no longer able to induce the changes in rhythm 
brought about by deep forced inspiration They conclude that in this 
case the vagus tone “controlled a heart which would otherwise ha\e 
beat at an abnormally rapid rate ” 

In this connection the experimental observations of Rothberger 
and Winterberg" on the influence of the vagus and accelerator nerves 
on the galvanometnc curves from the dog’s heart are of interest 
These observers were able to show that in the experimental animal 
stimulation of the vagus and accelerator yielded curves essentially the 

5 Cohn and Fraser Heart, 1913, 5, No 1, p 93 

6 Robinson and Draper Heart, 1912, i, p 97 

7 Rothberger and Winterberg Centralbl f Physiol, 1910, 24, 790 idem, 
Pfluger’s Arch f d ges Physiol , WIO, 135, 506 
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antithesis of each other , vagus stimulation giving a low voltage P and 
T with a conspicuous R deflection, while stimulation of the sympathetic 
gave a lower R with conspicuous P and T waves There are admittedly 
many difficulties m applying the experimental evidence m this con- 
nection too dogmatically to the clinical picture, and yet in those 
instances in which the cardio-inhibitory or accelerator influence is 
definitely subject to marked voluntary control the suggestive com- 
parison of the experimental and clinical galvanometric curves should 
not be lost sight of < \ ^ 

' III 

Flavell and White,® m reporting a case of voluntary acceleration 
of the cardiac rate not associated with any apparent change of the 
pacemaker, referring to the observations of Lewis and Cotton® say 
that “the changes m the electrocardiographic deflections during the 
acceleration are those which are known to occur when the sympathetic 
IS stimulated experimentally ” Further, as evidence that the voluntary 
increase of the heart rate is the result, in great part at least, of the 



Fig 8 — Lead II After escape from atropin effect Note the voluntary 
control of the slow rate First half of figure, rate 108, second half following 
the long pause, 86 per minute The P-R interval measures 0 16 second for 
the first three cycles With the extrasystole at x the P-R interval measures 
0 26 second The R-R interval following the extrasystole measures 0 96 second 
The P-R interval of the next cycle measures 0 14 second and then reverts 
to 0 16 second 

action of the accelerator mechanism, they cite the fact that “the 
escape under atropin in large doses produces not one-half of the 
increase m pulse rate that results from voluntary acceleration ” A 
fact, however, of even greater significance, it seems to us, in the case 
reported by Flavell and White, is the ability on the part of the subject 
of their note to break through the rate under the escape from 
atropin and induce a higher rate, an ability not possessed by the 
subject of this report 

In discussing this question as to why stimulation of the vagi by 
pressure is etfectual in some cases of paroxysmal tachycardia and not 

8 Flavell and White Heart, 1917, 6, No 3, p 175 

9 Lewis and Cotton Proc Phjs Soc, June 28, 1913 

10 Robinson G C The Archuts Ixt Med , 1915, 16, 967 
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m others, Robinson^® says that it seems probable that this difference is 
due to the character of the cardiac derangement responsible for the 
tachycardia, depending on the anatomic relation between the distribu- 
tion of the vagi and the point taking up the role of hyperactive pace- 
maker This conclusion, so readily applicable m many instances, does 
not, however, aid in the explanation of the failure of vagal pressure 
to control the fast rate in our case, which seems so curiously para- 
doxical 

ESCAPE UNDER ATROPIN 

Following 1 3 mg of atropin the ventricular escape reached as its 
highest rate, 144 per minute (Fig 7) The degree of ventricular 
escape amounted to approximately the average normal figure, being 
on the basis of the dominant rate, an increase of 35 per cent 

We have not assumed that the mere removal of vagal control in 
this instance would per se tend to increase the incidence of the 
paroxysmal attacks, but because of the very evident subjective control 
over the pathologic tachycardia, and in spite of the fact that it was 
constantly so uniformly rapid, we hoped that under the influence of 
atropin it might be possible to induce the pathologic rhythm with even 
greater facility than before its administration While under the influ- 
ence of atropin, however, he was utterly unable to break through the 
rate due to the cardiac escape and induce the higher speed of the 
ectopic rhythm That all inhibitory vagal control had been lemoved 
was evidenced by the utter failure to control subjectively the rate 
under atropin, and by the conspicuous physiologic effects of the drug 
Had the pathologic tachycardia been of a lower rate than that under 
the escape following atropin, the explanation for the failure to induce 
the ectopic rhythm after removal of vagal tone would be less difficult 
That, however, the administration of atropin or belladonna in some 
form over a variable period of time to persons subject to attacks of 
paroxysmal tachycardia does not increase the incidence of such attacks 
IS also a matter of observation 

The reaction to atropin in this case is further proof that we were 
not dealing with an ectopic focus wholly removed from neurogenic 
control as in tlie high speed atrial rate of true flutter Following 
partial recovery from the atropin effect, two hours after its administra- 
tion, he was again able to induce the pathologic rhythm and could 
again retard his slow rate of 106 down to 85 per minute (Figs 8 and 9) 

THE INCIDENCE OF PREMATURE CONTRACTIONS 

As IS to be expected, the incidence of single premature atrial con- 
tractions increased with the slower rates, disappearing entirely in the 
presence of the tachycardia But of greater interest is the fact that 
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they do not disappear entirely under atropin, evidence, we consider, of 
definite pathologic significance When these occur, as in Figure 1, 
free from any conscious effort on the part of the individual to slow his 
heart, the atrial pause is less than compensatory by 0 16 sec^ Under 
the influence of conscious effort to slow the cardiac rate, as in Figure 8, 
the atrial pause is greatly increased, being overcompensated by 0 26 sec 
There is, further, a curiously constant relationship in the time of the 
appearance of the atrial extrasystole to the preceding ventricular 
complex Extra systoles of ventricular origin were at no time recorded 

VOLUNTARY CONTROL OF THE TACHYCARDIA 

In every instance when asked to stop the pathologic tachycardia the 
result was accomplished within a few cycles of the command, and in 
every record but one (Fig 2) the transition occurred with one or more 
long pauses during which the R-R interval measures all the way from 
0 96 sec to 1 42 sec The pause involved a complete standstill of the 



Fig 9 — Lead II Rate 200 After the escape from atropm effect The 
pathologic tachycardia Note the alternation and the very suggestive nega- 
tivity of the string following the R-complex See reference in text 

heart and frequently measured more than twice the R-R interval of 
the dominant rhythm of 106 to the minute In Figure 4 it exceeds 
even twice the R-R interval of the slowest rate of 86 to the minute 
This fact, together with the lengthening of the P-R interval that 
invariably accompanied isolated premature systoles, points to the pre- 
dominant effect of vagus control in cutting short the fast rhythm and 
in slowing down the predominant slow rate of 106 to 85 That the 
t abeyance of vagus control had not the slightest influence in inducing 

the paroxysmal rhythm seems as equally well established as is the 
evidence of the man’s voluntary control over his inhibitory mechanism 
When asked to cut short the paroxysmal attack while connected 
with the galvanometer it was interesting to watch his method of pro- 
cedure He closed his eyes, inclined his head backward and slightly 
to the left and then would apparently concentrate his mind on the 

effort to check the tachycardia without any visible change in the 
respiratoiy^ rate 


V 
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SUMMARY 

In View of the constant similaiity of the ventricular complex, the 
constancy of the conduction time, except during the transition from a 
higher to a lower rate, together with the constant time relationship of 
the extrasystoles to the preceding ventricular contraction and the ( 
direction of the P-wave, we have assumed that we were dealing with . 
an ectopic rhythm originating in the upper level, of the atrium near the 
pacemaker, conspicuously under the control" of subjective inhibitory 
reflexes, but utterly uninfluenced by vagal stimulation 

There is no demonstrable evidence of any accelerator influence or 
control over the tachycardia, in spite of the general inferences sup- 
porting such a view and the similarity of the ventricular complexes to 
the experimental observations alluded to 
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REMARKS ON THE CONCENTRATION OF UREA IN 

HUMAN BLOOD" 

LUDWIG KAST, M D , and EMMA L WARD ELL, M S 

NEW YORK 

The majority of investigators who have studied the problem of 
kidney function, particularly in relation to impaired elimination, accoi d 
increasing importance to the estimation of nitrogenous substances in 
the blood Though the relation of nitrogen retention in the blood to 
the pre-uremic and uremic manifestations in the clinical picture of 
nephritis is not sufficiently understood to allow definite interpietation 
as to diagnosis and prognosis, ther^ can be no doubt that nitrogen 
retention is intricately connected with disturbances arising from 
impaired kidney function 

Among the nitrogenous substances of the blood, urea has leceived 
particular attention for a number of reasons which need not be 
analyzed here As a result of many careful investigations, the reten- 
tion of urea in the blood is now generally regarded as a reliable diag- 
nostic sign of faulty kidney function , but, on the other hand, there 
still remains a disturbing degree of confusion as to what should be 
considered the normal and what a pathologic urea content of the blood 

The concentration of urea in the blood of healthy adults has been 
the subject of numerous investigations, the more important of which 
are summarized in Table 1 

Of the investigators listed here, Fohn and Denis, ^ Tileston and 
Comfort,^ and Myers and Killian,® all find practically the same narrow 
range of normal values On the other hand, McLean and Selling,^ 
Gettler and Baker,® and Addis and Watanabe,® find a very much wider 
range of normal values, and Schwartz and M’GilB are unique m that 
the highest value in their series of normals is practically identical with 
the low limit of the normal range as determined by other investigators 
This fact seems to have been overlooked by other workers, for 
Schwartz and M’Gill are frequently quoted as finding from 10 8 to 
25 2 mg of urea nitrogen per 100 c c of blood, whereas they actually 

* Submitted for publication June 25, 1918 

*From the Department of Medicine and the Laboratory of Pathological 
Chemistry, New York Post-Graduate Medical School and Hospital 

1 Fohn, O , and Denis, W Jour Biol Chem , 1913, 14 , 29 

2 Tileston, W , and Comfort, C W The Archives Int Med , 1914, 14 , 620 

3 Myers, V C, and Killian, J A Jour Biol Chem, 1917, 29 , 179 

4 McLean, F C, and Selling, L Jour Biol Chem, 1914, 19 , 31 

D Gettler, A O, and Baker, W Jour Biol Chem, 1916, 25, 211 

6 Addis, T, and Watanabe, G The Archwes Int Med, 1917, 19, 507 

7 Schvartz, H, and M’Gill, C The Archives Int Med, 1916, 17 , 42 
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report 10 8 to 25 2 mg of urea per 100 c c of blood Moreover, these 
extremely low figures are reported as the urea content of specimens 
taken “two and one-half hours after a heavy protein meal,” a time 
when the urea concentration of the blood would naturally be some- 
what increased as a result of the processes of absorption and assimi- 
lation On the whole, the evidence for a wide range of normal values 
is far from convincing, the concentration of urea nitrogen m the blood 
of normal, healthy adults seems to lie between 12 and 15 mg per 100 c c 


TABLE 1 — Concentration of Urea Nitrogen in Normal Human Blood 


Investigators 

Lumber 

of 

t Subjects 

Urea N of 
Blood, Mg 
per 100 0 c 

Remarks 

Folm and Denis^ 

16 

11 to 13 

Three to six hours after breakfast 

Schwartz and M’Gill" 

4 

5 to 71 

After seventeen hours’ fast 

Schwartz and lI’Giir i 

15 

6 to 11 7 

Tiro and one half hours after a “heavy 
protein meal” 

Addis and Watanabe” 

22 1 

1 

10 5 to 28 

Before breakfast, 106 determinations on 
twenty two subjects 

Gettler and Baker" 

30 

15 to 25 

Three hours after a standard breakfast 

Tileston and Comfort- 

5 

12 to 14 1 

After twelve hours’ fast 

Tileston and Comfort- 

1 

131 to 20 9 j 

Two and one half hours after an average 
meal 

Before breakfast 

Myers and Killian" 

6 

12 to 15 

McLean and Selling* 


10 to 23 

Under varying conditions 


Assuming the accuracy of these narrow limits as repeatedly con- 
firmed by the observations of Folm and his collaborators, and of vari- 
ous workers in our own laboratories, we are still confronted with the 
question, Is the normal concentration of urea in the blood of hospital 
patients without evidence of kidney lesion the same as that of healthy 
individuals, and is the normal sharply differentiated from the 
pathologic ? 

In the hope of answering these questions we have made the follow- 
ing study of 298 routine analyses of the blood of 244 patients treated 
in our own medical wards This special senes was selected for investi- 
gation because it includes the analysis of at least one specimen from 
each patient in the wards during a period of five months, and for that 
reason seems to offer a fairer cntenon of urea values than would a 
study of carefully selected groups of typical cases All specimens 
examined in which the urea nitrogen exceeded 35 mg per 100 cc, 
were from patients unquestionably nephritic , for this reason the series 
discussed here includes only those cases in which the urea nitrogen 
was less than 35 mg per 100 c c 

In order to obtain specimens of which the urea content is justly 
comparable, two variable factors must be guarded against (1) during 
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the processes of digestion and absorption, the increase in concentra- 
tion of blood urea depends partly on the nature of the food intake, 
and (2) this increase is of a more lasting nature in persons with 
impaired renal excretory powers than in healthy persons We have, 
therefore, adopted the practice of taking all blood specimens before 


TABLE 2 — Cases with Urea Nitrogen of Less Than 
12 Mg Per 100 Cc of Blood 


■ 





Urea N of 





Case 

Age 

Sex 

Blood, Mg 

Diagnosis 

Remarks 







per 100 0 c 




1 

J 

0 

50 

$ 

10 8 

Duodenal ulcer 



2 

A 

G 

12 

$ 

10 5 

Duodenal ulcer 



3 

D 

T 

30 

cf 

108 

Gastric ulcer 



4 

M 

G 

55 

9 

116 

Typnoid 



5 

B 

G 

21 

9 

108 

Typhoid 

Occasional cast 


6 

E 

P 

23 

9 

116 

Spastic colitis, 








1 

adhesions 



7 

R 

E 

23 

9 

101 

Spastic colitis 



8 

H 

D 

21 

d 

116 

Chrome endocarditis 



9 

J 

L 

19 

9 

111 

Chronic endocarditis, 

Paint trace of albumin 


10 



55 



myocarditis 



G 

G 

d 

116 

Chrome endocarditis 



11 

M 

B 

SO 

d 

116 

Huntington’s chorea 



12 

P 

K 

1 25 

1 

9 

116 

Neurasthenia 



13 

S 

W 

CO 

c? 

111 

Pylonc obstruction, 



14 


M 

23 



duodenal ulcer 



a 

d 

111 ! 

1 

Chrome constipation 

Phthalein, 19 per cent 


15 

N 

P 

45 

9 

111 

Chronic constipation. 



IG 


P 

34 



colitis 



Y 

d 

10 8 

Auricular fibrillation 

Paint trace of albumin 


17 

N 

P 

G5 

9 

10 8 

Diabetes mellitus 

Occasional cast 


18 

V 

S 

18 

d 

11 6 

Meningitis 



19 

J 

H 

20 

d 

10 8 

Lobar pneumonia 



20 

M 

C 

22 


98 

Undeveloped, retro 

Phthalein, 30 per cent , 

34 per 

21 


E 

54 

' 1 

10 1 

verted uterus 

cent 

J 

9 

116 

Calloused ulcer of 


22 

J W 

51 

d 

116 

pylorus 

Retroperitoneal 

Phthalein, 26 per cent 


23 

R 

K 

36 

9 

90 

sarcoma 

Chronic endocarditis, 


24 



38 


10 5 

auricular fibrillation 



0 

s 

d 

Hypertension, throm 
bosiB of central vein 

Blood pressure, 165/100 


25 

p 

S 

35 

9 

111 

of left eye 
Enteroptosis 

Phthalein, 36 per cent 


2G 

M 

B 

39 

9 

11 1 

Enteroptosis 



2- 

I 

G 

50 

cf 

10 8 

Chronic parenchyma 

Trace of albumin 


28 

S 

R 

29 

9 

116 

tons nephritis 
Parenchymatous ne- 

Moderate amount of 

albu 


S 

P 

35 

9 

111 

phritis, hemorrhagic 
Gastritis and 

mm, occasional cast 

30 

M 

B 

35 

9 

10 5 

gastralgia 

Carcinoma of sigmoid 



31 

C 

R 

24 

9 

111 

and liver 
Lymphosarcoma 
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TABLE 3— Cases with Urea Nitrogen or 121-15 Mg Per 100 Cc of Blood 







Urea N of 



Case 

Age 

Se\ 

Blood, Mg 

Diagnosis 

Ecmarks 





per 100 0 c 



32 

H 

0 

24 

cT 

13 5 

Lobar pneumonia 

Blood sugar, 0 171 per cent 

33 

C 

E 

29 

d 

13 5 

Lobar pneumonia 

Blood sugar, 0 168 per cent 

34 

D 

B 

16 

9 

12 6 

Lobar pneumonia 


35 

N 

S 

24 

d 

13 0 

Lobar pneumonia 

Blood sugar, 0 177 per cent 






13 5 



36 

M 

W 

25 

9 

13 0 

Bronchia) pneumonia 


37 

T 

B 

19 

9 

13 5 

Pleurisy, pneumonia 


38 

M 

G 

25 

9 

12 6 

Pleurisy, inth effusion 

Phthalcin, 22 per cent 






93 



39 

D 

E 

30 

d 

14 1 

Pleurisy j 

Faint trace of albumin 

40 

0 

J 

31 

d 

126 

Chronic gout j 

Creatinin, 3 5 mg per 100 c e 

41 

H 

S 

31 

d 

14 5 

Gas poisoning 


42 

G 

H 

68 

d 

14 5 

Chronic arthritis 1 







13 5 



43 

A 

W 

10 

9 

12 3 

Chronic arthntis 


44 

H 

M 

41 

9 

12 6 

Chronic arthritis 


45 

A 

B 

52 

d 

14 5 

Chronic arthritis 

Blood pressure 170/100 

46 

E 

T 

45 


12 0 

Acute septic arthritis 


47 

L 

S 

27 

9 

12 3 

Pulmonary tuber- 


48 



42 



culosis 


E 

K 

9 

12 0 

Pulmonary tuber 

Phthalein, 34 per cent , blood 

49 


S 

18 



culosis 

pressure, 215/115, faint trace 
of albumin 

J 

cT 

13 0 

Incipient tuberculosis 

Moderate number of casts 

50 

M 

G 

30 

9 

13 8 * 

Incipient tuberculosis 


51 

J 

E 

17 


13 7 

Tuberculosis of left 
kidney 

Tuberculosis, keratitis 

Trace of albumin 

52 

A 

A 

49 

9 

12 0 


53 

A 

B 

41 


12 6 

Aortitis 


54 

H 

K 

10 

d 

12 6 

Spastic colitis 

Occasional cast 

55 

M 

M 

58 

d 

12 6 

Spastic colitis 

Phthalein, 10, 24, 17 per cent 

56 

J 

S 

28 

d 

14 1 

Spastic cohtis 


57 

58 

B 

L 

40 

33 

9 

141 

Myocarditis 

Blood sugar, 0 177 per cent , 
faint trace of albumin, 
phthalein, 32 per cent , 
hlood pressure, 155/125 

1 


J 

V 

d 

13 8 

Myocarditis 

59 

T 

0 

51 

d 

131 

Myocarditis 

Occasional cast 

60 

B 

G 

47 

9 

12 6 

Myocarditis 


61 

E 

B 

44 

d 

12 5 

Myocarditis 


62 

L 

E 

61 

9 

13 8 

Hysteria 


63 

E 

M 

14 

d 

14 8 

Tetanus 


64 

M 

I) 

23 

9 

12 6 

Arteriosclerosis, 

Trace of albumin 

65 

M 


66 



hypertension 

T 

d 

13 6 

Arterioscleiosis, 

Moderate amount of aibu 

66 

0 

H 

44 

d 

12 6 

aortitis 

Lues, general paresis 

mm, phthalein, 29 per cent 

67 

L 

N 

36 

9 

14 1 

i Lues 

Faint trace of albumin 

68 

G 

L 

50 

d 

14 5 

! Paresis 
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TABLE 3 —Cases with Urea Nitrogen of 12 1-15 Mg 
Per 100 Cc of Blood — ^Continued) 







Urea N of 


Remarks 

Case 

Aee 

Sex 

Blood, 3Ier 

Diagnosis 





per 100 C c 



G9 

F 

B 

85 

d 

12 8 

Paresis 

Phthalein, 27 per cent 

70 

S 

31 

28 

e 

13 5 

Sjphilis, progressive 





muscular atrophy 


71 

G 

R 

24 

9 

13 5 

'i’yphoid 


72 

F 

G 

13 

9 

123 

Ijplioid 


73 

B 

B 

23 

9 

12 0 

Gastric ulcer 


74 

H 

31 

44 

d 

120 

Gastric ulcer 


75 

J 

K 

30 

d 

123 

Gastritis 


70 

J 

H 

03 

d 

135 

Carcinoma of 

Trace of albumin, moderate 






stomach 

number casts, creatinin 

77 

31 

P 

33 


123 

Autointoxication 

35 

78 

31 

8 

23 

d 

12 3 

Psjehasthenia 

Occasional cast, faint trace 







of albumin 

79 

Y 

F 

33 

9 

13 0 

fcubacute gastro- 

Creatinin, 3 5 mg per 100 c c 







enteritis 

80 

J 

V 

31 

d 

13 8 

Pontine neoplasm 

' 

81 

L 

S 

13 

d 

13 0 

Malaria 


82 

Y 

s 

21 

9 

13 8 

Atrophy of eyeball 


83 

L 

L 

8 

d 

12C 

Tonsillitis 


81 

B 

H 

52 

9 

13 0 

Pyorrhea, Icukorrhea 


85 

L 

Z 

21 


14 5 

Hysterical epilepsy 

Faint trace of albumin 

so 

C 

31 

S5 

d 

13 0 

Atrophic cirrhosis of 
liver, ascites, pleural 


87 






effusion 


A 

F 

27 

d 

12 0 

Hypertrophic cirrhosis 








of liver 


88 

M 

F 

50 

9 

14 5 

Abdominal tumor of 


£9 

H 

B 




spleen, syphilis 


38 

9 

141 

Chronic hypertension. 


90 

H 

0 




neurasthenia 


25 

9 

13 0 

Spinal lesions 


91 

E 

31 

27 

d 

14 8 

.Streptococcus septi 








cemia, chronic 


92 

D 

T 




endocarditis 


55 

d 

14 8 

Chronic appendicitis 

Occasional cast 

93 

S 

0 

48 

d 

14 5 

Chronic appendicitis 


94 

F 

L 

29 

9 

14 5 

Chronic constipation 


95 

M 

H 




and appendicitis 


43 


14 8 

Pulmonary abscess 


90 

A 

0 

54 

9 

12 0 

Chronic endocarditis, 








general carcinoma- ' 


97 

31 

B 

62 

9 

14 8 

tosis 

Endocarditis 

Blood sugar, 0 192 per cent 

98 

G 

T 

31 

9 

13 5 

Endocarditis 


99 

D 

H 

19 

d 

120 

Malignant endo- 


100 

0 

B 

18 

d 

14 5 

carditis 

Chronic endocarditis, 
mitral regurgitation 








and stenosis 


101 

F 

G 

03 

9 

120 

Diabetes mellltus 

Occasional cast, blood sugar. 

102 

I 

G 

CO 

0 

•f 

14 0 

Diabetes mellitus 

0 168 per cent 
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TABLE 3 — Cases ^\1TH Urea Nitrogen or 12 1-15 Mg 
Per 100 Cc of Blood — {Continued) 







Urea N of 

■ ' 


Case 


Age 

Se\ 

Blood, Mg 

Diagnosis 

EcmarLs 





per 100 G c 



103 

W 

P 

43 

s 

13 5 

Diabetes mcllitus 

Blood sugar, 0 228 per cent 

101 

E 

V 

19 

9 

15 0 

Diabetes mcllitus 


105 

J 

M 

56 

cf 

13 5 

Diabetes carcinoma 

Blood sugar, 0 280 per cent 






of 'i\er 


106 

A 

L 

34 

9 

13 0 

Chronic endometritis 







and appendicitis 


107 

H 

s 

16 

d 

13 5 

Neuritis 


lOS 

J 

c 

65 

d 

12 0 

General carcinoma 

Phtlialein, 29 per cent 






tosis 


109 

C 

M 

41 

9 

12 3 

Gastroptosis 


no 

G 

E 

44 

9 

13 5 

Hanot’s disease 


111 

D 

T 

37 

9 

116 

Splanchnoptosis 







12 5 



112 

D 


38 

9 

111 

Splenomegaly 







13 1 



113 

0 


75 

d 

13 5 

Myositis 

Oceasional cast 






13 8 








12 8 



111 

E 

0 

52 

d 

13 0 

Adhesions, pen 








duodenal 


115 

M 

B 

31 

9 

141 

Adhesions, duodenal 

Blood pressure, 160/120 

116 

E 

A 

23 

9 

14 8 

Adhesions, gallblad 








der periduodenal 


117 

M 

G 

36 

9 

13 5 

Cholecystitis 


118 

0 

0 

50 

9 

14 1 

Cholecystitis, chronic 








pancreatitis 


113 

E 

S 

32 

9 

13 5 

Pyelitis, left 

Trace of albumin 

120 

V 

0 

44 

d 

12 6 

Heraiplegi a 

Trace of albumin 

121 

s 

s 

34 

9 

14 1 

Enteroptosis, renal 

Phtlialein, 38 per cent 



B 




c ilculus 

122 

B 

30 

9 

12 3 

Bronchial asthma 

Occasional cast 

123 

E 

P 

43 

d 

12 0 

Asthma, chronic endo 

Laige amount of albumin 






10 8 

carditis, chronic 

moderate numbci of casts 






11 1 

parenchymatous 


124 





11 6 

nephritis 


E 

P 

38 

d 

13 0 

Incipient interstitial 

Phthalein, 31 per cent 

125 


B 



98 

nephntis 

G 

56 

d 

14 0 

Chronic interstitial 

Blood sugar, 0 222 per cent , 






12 0 

nephritis 

0 183 per cent , moderate 

126 

E 

G 

45 




amount of albumin, many 
casts phthalein, 22 per 
cent , blood pressure, 155/b5 

9 

13 5 

Chronic interstitial 

Blood sugar, 0 22 per cent 






9 9 

nephritis. Ion sug ir 

0 172 per eent , 0 177 per 
cent , faint trace of nlbii 
mm, moderate numbei of 
casts 

127 


W 



13 0 

tolerance 

T 

12 

d 

14 6 

Sydenham’s chorea, 
hypertrophy of ton 




128 


G 




sils and adenoids 


L 

41 

9 

13 0 

Spasmodic stricture 








of cardiac area of 


129 






stomach 


P 

S 

6 

d 

13 8 

Colitis 


130 

A 

S 

22 

d 

14 8 

Elatfoot, partial at 
ropliy of pen articu 








lar surfaces of 








anlvle joints 



breakfast, while the patient is still m a fasting condition, in order to 
obtain specimens of which the urea values are truer indicators of 
kidney function than would be the case if the specimens were taken 
while absorption is in process 



TABLE 4 — Casks with Urea Nitrogen of 15 1 to 18 Mg Per 100 Cc of Blood 
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TABLE 4 — Cases with Urea Nitrogen or 151 to 18 AIg 
Per 100 Cc of Blood — {Continued) 


Case 


Age 

Sc\ 

Urea N of 
Blood, Mg 
per 100 0 c 

Diagnosis 

Eemarks 

176 

S 

B 

15 

d 

161 

93 

Diabetes mellitiis 

Phthalein, 30 per cent , blood 
sugar, 0 330 per cent , trea 
tinin, 3 0mg per 100 cc 

177 

M 

J 

57 

d 

12 6 

16 1 

Diabetes mellitus 

Blood sugar, 0 300 per cent , 
0 188 pel cent , occasional 
c ist 

178 

A 


48 

d 

16 1 

Acute gangrenous 
appendicitis 

Occasional cast, blood sugar, 
0 204 per cent 

179 

A 

E 

26 

d 

1 

15 5 

Cecal stasis, chronic 
appendicitis 


180 

S 

b 


d 

Ifi 5 

1 

Hemiparcsis, motor 
aphasia 


181 

M 

A 

22 

9 

18 0 

13 8 

Cholelithiasis 


182 

T 

L 

37 

d 

10 0 

Internal hemorrhoids 


183 

F 

K 

4j 

d 

16 0 

Cecal stasis 


184 

A 

B 

22 

9 

15 1 

Bronchial asthma 


185 

H 

E 

53 

d 

17 5 

12 6 

Hernia 

Paint trace of albumin 

186 

M 

K 

31 

9 

16 3 

18 0 

Lobar pneumonia 

Paint trace of albumin 

187 

L 

S 

55 

d 

17 8 

Arteriosclerosis 

Occasionnl cast, blood pres 
sure, 210/116, 205/100 

188 

E 

S 

57 

9 

16 5 

Aneurism of aortic 
arch 

Blood sugar, 0 190 per cent , 
trace of albumin, occasional 
cast, blood pressuie, 228/112 

189 

E 

S 

50 

d 

16 5 

Tabes dorsalis 

190 

P 

P 

48 

d 

18 0 

Pulmonary tuber- 
culosis 



TABLE 5 — Cases with Urea Nitrogen of 18 1 to 20 AIg Per 100 Cc or Blood 


Case 


Age 

So\ 

Urea N of 
Blood, Mg 
per 100 C c 

Diagnosis 

Eemarhs 

191 

H 

B 

30 

d 

18 0 

General carci- 
nomatosis 


192 

N 

B 

41 

d 

19 0 

General carci 
nomatosis 


193 

P 

D 

58 

d 

19 5 

Carcinoma of 
stomach 

Occasional cast 

194 

B 

L 

51 

d 

18 0 

Duodenal ulcer 


195 

P 

S 

28 

d 

18 3 

Duodenal ulcer 


196 

T 

D 

43 

d 

19 0 

Gastric or duodenal 
ulcer 


197 

A 

A 

39 

d 

18 5 

Lntcroptosis, post 
pylonc ulcer 

Creatmin, 3 6 mg per 100 c-c 

198 

J 

M 

43 

d 

18 3 

Aneurism of aorta 

1 

Moderate amount of albumin, 
casts 

199 

W 

J 

45 

d 

19 0 

Aortitis, arterio 
sclerosis 

Occasional cast, blood pres 
sure, 205/130 

Phthalein, 30 per cent 

200 

M 

P 

34 

9 

19 0 

Hemiplegia 

201 

H 

P 

16 

d 

18 3 

Typhoid 


202 

A 

B 

02 

9 

19 0 

Lues, chronic ulcers 
of leg 


203 

J 

V 

13 

9 

18 3 

Chronic parenchy 
matous nephritis 

Trace of albumin, moderate 
number of casts 

204 

N 

A 

54 

d 

19 0 

14 7 

Chronic endocarditis 

Paint trace of albumin, 
phthalein, 29 per cent 

205 

H 

0 

60 

9 

101 

19 3 

Diabetes 

Blood sugar, 0 244 per cent , 
0 200 per cent , occasional 
cast 

Blood sugar 0 372 per cent , 
phthalein, 32 per cent , trace 
of albumin, many casts 

206 

P 

J 

00 

1 

d 

18 6 

Diabetes mellitus, 
syphilis, chronic 
nephritis 
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TABLE 6 Cases with Urea Nitrogen of 20 1 to 25 Mg Per 100 C c or Blood 


Case 

Age 

Sex 

Urea N oi 
Blood, Mg 

Diagnosis 

Remarks 





per lOO C c 



207 

M 

K 

47 

d 

231 

Gastric ulcer 

Phthalein, 27 per cent , crea- 
tmin, 3 8 mg per 100 c c 

20S 

J 

Z 

22 

9 

22 5 

Gastric ulcer, marKcd 




11 1 

secondary anemia 

Occasional cast, creatinin, 3 5 

2 oa 

A 

E 

38 

d 

21 1 

Duodenal ulcer 





mg per 100 c c 

210 

Jj 

W 

41 

d 

217 

Carcinoma of 

Blood sugar, 0 168 per cent , 
phthalein, 33 per cent 



pylorus 

211 

M 

E 

25 

9 

23 0 

Spastic colitis 


212 

M 

D 

35 

d 

14 5 

Pulmonary tuber 




21 2 

culosis 

Moderate number of casts 

213 

M 

A 

44 

d 

22 2 

Anterior medio 





sternal tumor 


214 

S 


68 

d 

20 5 

Hemorrhagic 







retinitis 

Phthalein, 28 per cent 

215 

J 

P 

56 

d 

221 

Syphilitic aortitis 

216 

J 

L 

02 

d 

22 2 

Renal hemorrhage. 

Blood pressure, 195/110, 205/110 






17 0 

arteriosclerosis. 








myocarditis 

Faint trace of albumin, occa 

217 

A 

D 

44 

d 

20 7 

Hypopituitarism 






18 6 

sional cast 






15 5 



218 

M 

L 

65 


22 7 

Myocarditis 


219 

J 

A 

51 

d 

218 

Myocarditis 

Phthalein, 26 per cent 

220 

E 

H 

56 

9 

22 5 

Myocarditis 

Trace of albumin, blood pres- 






14 8 

sure, 190/110, 162/102 

221 

J 

C 

47 

d 

20 7 

Myocarditis, hyper 

Trace of albumin, moderate 






12 0 

tension, chronic 
parenchymatous 
nephritis 

Chronic myocarditis 

number of casts 

222 

J 

H 

44 

d 

25 0 

Occasional cast 

223 

L 

E 

81 

d 

211 

Interstitial hepatitis. 

Faint trace of albumin, many 







jaundice 

easts 

224 

E 

B 

60 

d 

23 7 

Cholelithiasis, renal 








calculi 


225 

S 

S 

35 

d 

20 8 

Chronic endocarditis. 

Blood sugar, 0 168 per cent , 







mitral regurgitation. 

phthalein, 6 per cent , 20 

220 






mitral stenosis 

per cent , 22 per cent 

E 

P 

25 

d 

20 7 

Chronic prostatitis 

Trace of albumin, occasional 

227 

M 

E 




and vesiculitis 

cast 

63 

d 

21 5 

Chronic interstitial 

Occasional cast 

228 

M 


45 


12 0 

nephritis 


s 

d 

20 5 

Chronic interstitial 

Trace of albumin, many casts 

229 


D 

31 


14 0 

nephritis 

A 

9 

20 5 

Duodenal adhesions 



The urea estimations are made by a modified Marshall-Van Slyke 
method, essentially as described by Myers and Fine® The enzyme 
used IS that derived from the jack bean , the Nessler’s solution, made 
according to the formula of Benedict and Bock, contains 100 gm of 
mei curie chlond, 70 gm of potassium lodid and 200 gm of sodium 
hydroxid per liter of solution 

In our study of this series of analyses we have grouped the cases 
m SIX classes on the basis of urea concentration Cases m which more 
than one deteimination was made are listed only in that group in which 
the highest deteimination falls As it seemed desirable to show all 
evidence of renal impairment, we have also recorded the presence of 
albumin and casts in the urine, all blood pressures exceeding 150/90, 

S Mjers, Fine and Lough The Archh'es Ixt Med, 1916, 17, 570 
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TA.BLE 7 — Cases with Urea Nitrogen of 25 1 to 35 Mg Per 100 Cc or Blood 


Case 

Ige 

Sex 

Urea N of 
Blood Mg 
per 100 C c 

Diagnosis 

Bern arks 

230 !> 

35 

d 

20 0 

Spastic paraplegia 

Occasional cast, phthalein, 




14 5 


1 35 per cent 

/n A M 

48 

d 

31 0 

Heiniplegi,i 

Occasional cist 

231 A W 

61 

d 

34 2 

Hemiplegia 


2 3 P L j 

24 

d 

34 2 

Broneliitis 

Oeco'ional cast 

231 I P j 

28 

9 

26 0 

Chronic constip ition 


235 A M 

29 

d 

28 0 

Chronic cndocar(liti= 

Oetasional cast, phthalein, 31 

1 



1 

1 

riouble mitral lesion 

per cent 

230 M K 1 

1 

8 

d 

: 20 0 

Hemorrhagic purpura j 


237 J G 

56 

9 

' 25 5 

Diabetes mellitiis j 

Irace of albumin 




, .7 0 



1 



! 21 2 



238 I S 1 

40 

d 

; 27 7 

Diabetes mellitus 

Blood sugar, 0186 per cent 

239 L H 1 

50 1 

9 

' 35 0 

Diabetes mellitus 

Blood sugar, 0 400 per cent 

1 



1 

Chionic interstitial 


1 




neplintis 


240 H G ' 

21 

d 

! 212 

C lironie interstitial 

Moderate amount of albu 




' 31 5 

neplintis 

min occasional cist, crea 

j 



' 23 5 


tinin 3 3, 3 8, 3 2 mg per 




i ' 


1 100 c c 

241 S G 

50 

d 

, 26 0 

Chrome intcrstiti il 

1 Irice of albumin, phthalein. 




28 0 

nephritis and hjper 

1 11 per cent , 23 per cent 


1 


26 0 

tension 

1 ere itinin 4 3, 3 7, 0 4, 4 (> 




1 14 8 


mg per 100 c c 

242 M M 

31 

! 9 

31 7 

Chronic interstitial 

1 Faint trace of albumin 




35 0 

nephritis indlnptr 

1 plith ilein, 15 per cent , 0 




22 2 

tension 

j per cent , 10 per cent , 8 per 




' 28 0 


, cent , 8 per cent , creatinin 




1 16 5 


. 5 5 5 5, 4 4, 3 3, 3 9, 2 0 mg 




20 0 


' per lOO c c 




1 28 5 


1 




1 33 3 


t 

243 P N 

30 

d 

27 0 

Bronchial a=thma, 

Moderate amount of albu 




10 3 

chionic parcnchj 

min manj casts, creatinin, 




111 

matous nephritis 

3 3 4 6 2 8 mg per 100 C c 

344 W JI 

1 80 

d 

28 0 

Scnihtt 

Trace of albumin, moderate 


1 


24 8 


number of casts creatinin, 


3 0, 3 8 mg per 100 c c 


TABLE 8 — Classification or 206 C\srs on the Basis or the Concentration 
or Urea Nitrogen or thf Blood 



Urea N of Blood, 
Mg per 100 C c 

Number of 
Cases 

Percentage of 
Total Number 

Group 1 

1 

Less than 12 0 

31 

12 7 

Group II 

12 0-15 0 

99 

40 6 

Group III 

15 1-18 0 

60 

24 6 

Group IV ! 

18 1-20 0 

16 

65 

Group V 

20 1-25 0 

23 

9 4 

Group 1 1 

25 1-35 0 

15 

61 

i 


all phenolsulphonephthalem outputs of less than 40 per cent , all blood 
sugars of more than 0 16 per cent and blood creatinins of more than 
3 5 mg per 100 c c 

These six groups are gnen m detail in Tables 2 to 7 , and are 
summarized m Tables 8 and 9 From Table 8 it can be readily seen 
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TABLE 9 — Parallelism of High Concentration or Urea Nitrogen in the 
Blood and Other Stmptoms or Kidnby Lesion 



Urea N of Blood, 
Mg per 100 C c 

Number of 
Cases 

Other 

Sjmptoms of ' 
Kidney Lesions 

1 

Percentage 

Group I 

Loss than 12 0 

31 

11 

35 

Group II 

12 0-15 0 

09 

38 

38 

Group III 

15 1-18 0 

60 

26 

43 

Group IV 

' 18 1-20 0 

16 

9 

66 

Group V 

20 1-25 0 

23 

' 17 

' 74 

Group M 

25 1-35 0 

15 

12 

fiO 


that 84 pei cent of the 244 cases examined have a uiea nitrogen con- 
centration of not moie than 20 mg per 100 cc of blood Table 9 
shows that those groups in which the urea nitiogen of the blood is 
more than 20 mg pei 100 cc contain a gi eater percentage of cases in 
which other factois give evidence of kidney lesion than do those 
gi Clips in which the concentration of uiea nitrogen is less than 20 mg 
per 100 cc Furthennoie, the detailed data of Tables 2 to 7 show 
that in those cases with a inea concenti ation of less than 20 mg, the 
otliei evidence of kidney lesion is generally so slight as to suggest no 
gieal loss of functional activity, but in those cases m which the uiea 
concentration is moi e than 20 mg , the number and charactei of the 
othei indications of kidney lesion are such as to suggest a moie serious 
impanment of renal function 

On this basis, theiefore, it seems reasonable to regard 20 mg per 
100 cc as the uppei normal limit of uiea nitrogen m the blood of 
hospital patients, and, consequently, to legard all values above 20 mg 
as piobably pathologic This conclusion is not veiy different from that 
of Fohn,” who says that among strictly normal persons 14 to 15 mg 
is the maximum concenti ation of urea nitrogen, but that in hospital 
patients the values aie quite as often between 15 and 20 as below 15 

The obseivations of Squier and Myers“ regaiding the piognostic 
significance of the blood uiea in sixty cases of piostatic obstruction 
ciic of interest in this connection They conclude 


Cases showuig virea mtrogen figures under 20 mg per 100 cc of blood 
Wheirihe^ro^'^ ? Sfood operatue risks, so far as the kidneys are concerned 

caut on, and Lst 4er a tr,nTT considerable 

tbe mt og n etenhon o prefmunary treatment directed to relieve 

tne pro^iosi s ad ' 


9 Folm O Jour Am Med Assn , 1912, 69, 1209 
10 Squter, T B , and Myers, V C Tour Urol, 1918, 2, ] 
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Study of this senes convinces us, moreover, that as a means of 
estimating renal excretory power the determination of the urea con- 
centration of the blood is, in itself, quite as satisfactory and fai moie 
piactical than the determination of McLean’s index The difficulty 
of securing accurately timed specimens of urine from hospital patients 
needs no emphasis, and inaccurate specimens render the determination 
of the “index” quite futile But if the blood urea alone is made the 
criterion of kidney function, the physician himself can take the speci- 
men and thus eliminate a frequent source of error 

Even were it possible to secure accurate specimens of urine, we 
would still believe that the determination of the blood urea alone is 
quite as valuable as the determination of the “index ” McLean^^ 
emphasizes the fact that in nephritis the blood urea frequently lies 
within normal limits, but the “index” is far below normal Cases 221, 
227 and 228 of this series are of this type Our records show, how- 
ever, that the first specimen of blood from these patients always has a 
moderately high urea nitrogen concentration, and that a diminution of 
protein in the diet is always followed by a rather slow but very definite 
diminution of urea nitrogen m the blood Since this is not character- 
istic of normal individuals, we believe that successive blood analyses 
are quite as valuable in the diagnosis of these cases as is the McLean 
index 

SUMMARY 

1 Of 244 hospital patients (medical cases) whose blood had a urea 
nitrogen concentration of less than 35 mg per 100 c c , 206, or 84 per 
cent , had a concentration of not more than 20 mg pei 100 c c 

2 Of these 206 cases only eighty-three, or 40 per cent , showed 
other evidence of renal impairment, but of the remaining thirty-eight 
cases, twenty-nine, or 77 per cent , showed other renal symptoms 

3 From these observations we conclude that 20 mg per 100 c c 
may be taken as the upper normal limit of urea nitrogen in the blood 
of hospital patients, and that for diagnostic purposes the estimation 
of the blood urea is a satisfactory index of the functioning power of 
the kidney 

771 Madison Avenue 


11 McLean, F C Jour Am Med Assn, 1916, GG, 415 



THE EFFECT OF CONTINUOUS INTRAVENOUS INJEC- 
TIONS OF ETHYLHYDROCUPREIN ON EXPERI- 
MENTAL PNEUMOCOCCUS INFECTIONS 
OF RABBITS’" 

JULIAN H LEWIS, PhD, MD 

CHICAGO 

The invention of the WoodyatP pump foi maintaining intiavenous 
injections o\er protracted lengths of time has led to the suggestion 
of several lines of research which are being developed in the Sprague 
Institute One of these is piesented m this article 

The effectiveness of the in vivo action of a therapeutic agent which 
IS used because of its bacteiicidal properties, m all probability depends 
on the same factors which operate m the in vitro action of a bactericide, 
the two chief of ivhich are the time factor and the concentiation 
factor Either in vitro or in vivo a given bactericide in a stated length 
of time will act better on bacteria m a higher concentration than in a 
lower one, and, in a stated concentration, will act better in a long 
time than in a short time (It is important to realize that the latter is 
not infinitely true, since bacteria which are only inhibited or not 
entirely killed off by a certain low concentration will in time overcome 
the inhibition and become acclimated to the bactericide and thereupon 
grow unrestricted and probably with stimulation ) It is impossible 
to carry out a complete comparison of the in vitro action with the m 
vivo action of a chemical, because, m the first place, the concentration 
within the body is limited by toxicity, and in the second place, the 
concentration is constantly vaiying, because of (1) chemical destruc- 
tion of the chemical or neutralization by oxidation oi reduction, (2) 
chemical combination or conjugation with body constituents, and 
(3) excretion The time factor, obviously, varies because of the 
same reasons 

In our usual methods of admimsteiing a drug the curve repie- 
senting the concentration of the substance in the blood at different 
intervals will be in the shape of a wave The steepness of the ascent 
and descent of the wave will depend on the ratio of the rate of 
absorption and the size of the dose to the above thiee factors The 
length of time which the diug is effective will depend on the shape of 
the curve and the concentration at which the drug can be effective 

* Submitted for publication June 6, 1918 

jFrom the Otho S A Sprague Memorial Institute and the Pathological 
Laboratory of the University of Chicago 

1 Woodyatt Jour Biol Chem , 1917, 39, 355 
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Let the accompanying diagram represent the curve of concentrations 
which follow the intravenous injection of the largest possible dose of 
a drug which will not cause toxic symptoms At once the concentia- 
tion in the blood rises from zero to the point a Let it be supposed 
that the thiee factors mentioned opeiate so that the concentiation 
decreases at the late represented by the descending portion of the 
curve If the concentration at which the drug is active is at a, it is 
eftective only a very short time, but if it is active at h it will be 
effective much longer, and so on, the time of effective action depending 
on the height of the wave, the rate of its decline, and the concentration 
of activity An ideal drug can be pictured m this way showing that 
such a drug could obtain a high concentration (because of its non- 
toxicity), would be slow'^ in decreasing this concentration, and w’^ould 



be highly active at a low concentration According to the cuive, if 
the drug w^as active at the concentiation h, there are two w^ays in 
wdnch the time of action could be lengthened one, by repeating the 
original dose, oi fractions thereof, whenever the concentration fell 
to b Schematically the concentiation m the blood would then be 
represented by a series of small waves The second W'^ay to inamtaiii 
an effective concentration wmuld be to introduce the drug continuously 
at a rate w Inch would strike an equilibrium wnth the rate of operation 
of the factors which decrease the concentration In this way the con- 
centration wmuld be schematically represented by a straight line Such 
a process as this is now possible since the invention by WoodyatT of 
a machine wdnch is capable of delivering into the blood stream an 
accurate amount of fluid at a constant rate 
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Let us compaie these two suggested methods, hist, with the moie 
usual method of medication, and then with each othei While the 
maintenance of an efliective concentiation would enhance the action 
of a diug on bacteiia, Iheie would be an inci cased toxic action on the 
body tissues This would, of course, be moie maiked the nearei 
the effective concentiation approached the toxic concentiation The 
lesult would be eithei a fatal intoxication oi a paralysis of the auxihaiy 
foices which operate in the iccovery fiom infections In the latter 
case, unless the drug pioduces a rfc? ilisans niagna, the unkilled bacteria 
would be able to grow uniestiiclcd in an almost ineit oiganism How- 
evei, if the pioceduie should kill oft all the bacteria, its use would 
be justified m spite of some toxic action This is just exactly wdiat 
does occui 111 some of oui most impoitant foims of medication, foi 
example, m the tieatment of syphilis, in ivhich it is the usual pioceduie 
to obtain meicuriahsm and lodism in oulei to completely kill off the 
spiiochetes When the concentiation is alloived to diop beloiv eftec- 
tueness it is possible that in the interxals the bacteiia wull acquire a 
“diug lesistance” which lendeis fuither tieatment less effective On 
the olhei hand, in giving frequently lepeated doses to maintain an 
effective concentration, the toxic effect is apt to be moie than in the 
maintenance of a constant concentration wduch is just effective, 
because, as lepiesented schematically in the diagiam, the concentia- 
tion OCCUI s in the foim of small wa\es, the crests of ivhich aie abo\e 
the effective concentration but which approach neaier the toxic con- 
centiation In the continuous method a concentiation that is above 
the effective one can be avoided 

It is puiposed to follow up this line of icseaich wduch is opened 
by the invention of the Woodyatt pump The plan wnll be to study 
the cuive of effective concentiation in the blood stream, wdien vanous 
drugs are injected intravenously at a continuous and constant late, 
on the vaiious physiologic processes, and to put the method to actual 
test in ti eating disease conditions 

For vanous reasons the fiist diug the study of wdnch has been 
undertaken in this mannei is ethylhydiocupiein (optochin) 

Aftei the announcement by Moigenioth and Levy" of the discoveiy 
and piopeities of ethylhydiocupiein it w^as believed that this substance 
ivould play an impoitant pait in the theiapy of pneumococcus infec- 
tions in man Quite contrary to these expectations, howevei, many 
reports subsequently appealed on the results obtained in its use in 
these infections, the geneial fiend of which was that in pneumonia the 
effect of the drug was doubtful, not at all compaiable to its in vitro 
ac^i and to the striking cuies obtained by Moigenroth in mice 

2 Morganroth and Levy Berl klm Wclinschr 1911, 48, 1560 and 1679 
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infected with the pneumococcus In the treatment of exposed pneumo- 
coccus infections, as coineal ulcers, where local applications can be 
made, the drug is of considerable value As to its value in other local 
infections, as pleuntis, peritonitis, arthritis, and meningitis caused by 
the pneumococcus, where direct applications of solutions of ethylhydro- 
cuprem can be made, there seems to be no information 

The studies of Moore® present data which give the best information 
why ethylhydrocuprem is inactive in treating pneumonia He demon- 
strated that the drug is slow in action, has small powers of penetration, 
quickly disappears from the circulation, and has a toxic dose very close 
to its active dose For these very reasons, as pointed out in the fore- 
going, a possible advantage may be found in the continuous injection 
of the drug Moore himself anticipated this idea and adopted fre- 
quently repeated dosages m his treatments in human infections, but 
because of the theoretical advantages of the continuous injections over 
frequently repeated dosage we have not deviated from our purpose, 
in spite of his negative results 

TECHNIC AND METHODS 

Rabbits were chosen as the experimental animal because they are 
most suitable for the method In the first place, the easily accessible 
ear veins make repeated protracted injections possible and easy 
Again, the septicemia produced m rabbits by the pneumococcus makes 
an ideal condition for the in vivo testing of a bactericide Further, the 
experimental work that has been done on rabbits with ethylhydro- 
cuprein, in which single dosages were given, has been with negative 
results ^ If any beneficial results are obtained they may be justly 
attributed to the method used 

The descriptions of the Woodyatt pump and its operation have 
been sufficiently made and a repetition will be omitted here 

The first procedure was to find out the toxicity of ethylhydrocuprem 
when given inravenously for protracted periods at constant rates 
Amounts of the drug were weighed out and dissolved in an amount 
of 09 per cent sodium chlorid solution, so that when injected at the 
rate of from 18 to 30 c c per hour a certain number of milligrams 
per kilogram of body weight was delivered The water used for 
making the salt solution was redistilled from glass and the sodium 
chlond was Merck’s fused product The solution was filtered twice 
through hard filter paper and sterilized The syringe of the injecting 
machine, the buret, rubber tubing and needle were sterilized before 

3 Moore and Chesney The Archives Int Med , 1917, 19 , 611 

4 Scott Jour Path and Bacteriol , 1914-1915, 19 , 130 Boecker Ztschr 
f Immunitatsforsch (Orig), 1915, 24, 148 
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using As It passed into the vein the fluid was wanned in a bath of 
waiin water In determining the toxicity, peiiods of six houis of 
injection were used and 2, 5, 10, and 15 mg per kilogram of body 
weight per houi weie gnen No symptoms of toxicity were obtained 
until 15 mg pel kilogiam pei houi weie given The eftect of tins 
amount was inconstant This amount could be given at tunes safely 
foi ten hours At other tunes death occuried dm mg the first one 
or tw o hours of injection No factoi was found nhich was lesponsible 
for this vaiiance On the othei hand, 10 mg per kilogiam pei houi 
could be given indefinitely without apparent toxic symptoms (ten-hour 
peiiods on three successue days), although in one instance sudden 
death occurred during the fiist houi of a second period of six 
hours each 

The eftect on the bactericidal action of the seitini foi these rates 
was studied Befoie the injection was started a sample of blood was 
taken from the heait After three hours of injection another sample 
was taken, and anothei at the end of the injection The seiuni from 
each sample was put in the ice box and next morning they were 
heated to 56 C for one-half houi To equal amounts of each sample 
0 5 c c of a 1 1,000,000 dilution of a twenty-four-hour broth culture 
of pneumococcus was added At \ arious intervals 0 1 c c was removed 
and plated with 10 c c of blood agai At the end of twenty-four houis 
the colonies on these plates ^\ele counted 

There was no effect on the bactericidal action of labbit serum 
when ethylhydrocuprein was injected at a rate under 10 mg per 
kilogram-hour (Table 1) At this rate, however, theie was a slight 
bactericidal effect, most pionounced at the end of injection When 
given at 15 mg per kilogram-hour there was a rather marked bacte- 
ricidal effect, most evident, also, at the end of injection (Table 2) 
This IS the first time that it has been shown that ethylhydrocupi em 
can reach a bactericidal concentration in rabbit’s seium, as other 
workers® did not produce it when using single and lepeated doses 
It has been shown that the failure to obtain such a result with the drug 
is due to Its rapid destruction in the liver (Scott^) We suimise that 
in the continuous injections the power of the liver to destroy or com- 
bine ethylhydrocuprein is either fatigued oi that the rate of injection 
exceeds the rate at which the liver can act 

The next procedure was to find the influence of the continuous 
injection on infections produced m rabbits with the pneumococcus 
A twenty-four-hour culture in serum bioth of Type 1 was used as the 
infecting organism Various intervals of time occuired between experi- 

5 Wright On Pharmacotherapy and Preventive Inoculation Applied to 
Pneumonia, 1915 
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ments and the virulence of the oiganism varied, but each time the 
minimum lethal dose*' (M L D ) was determined and the proper 
contiols were made either with the same culture at the time of the 
ethylhydiocuprein expeiiment or the day before oi after Ihe infect- 
ing dose was given intravenously and was immediately followed by 
treatment At the end of each treatment a smeai and culture were 
made from an ear vein, and on death a necropsy was held and cultures 
made of the heart’s blood The details' are given in Table 3 


T^BLE 1— Effect on Bactlricidai Action or Rabbit Serum of Gimng Ethyl- 
HFIJROf UPRl IN InTRAVFNOUSI \ AT fill RaTL OF 10 Mg TER KlI OGRAM HoUR 


i 

After ll 
Mimilcs 

After 1") 
Jliniites 

1 Alters 

1 Hours 

i 

\ftor 1 
Hours 

After 7 
Hours 

After 2! 
Hours 

Nonml scium 

1 

34 ' 


16 

fl8 



Three hours of injection 

a 

18 

28 

31 

2-1 


Seven lionrs of injection 

17 

I"’ 

\ 

I'l 

■H 

IS 



TABLE 2 — Effect on Bactericidal Action or Rabbit Sfrum or Gimng Eth\l- 
HTDROCUPRLlN IntRAVENOUSI 1 AT THE RaTF OF 15 Atc. PFR KiLOGRAM HoUR 



Inime 

dntelj 

After 30 
Minutes 

After 1 
Hour 

Alters 

Hours 

I After! 

1 Hours 

After C 
Hours 

After 24 
Hours 

Noinnl seium 

1 

N. 

10 

11 

18 

200 

1000 


Tliree hours of injection 

14 

IG 

IS 

10 

18 

40 


Seven houi<! of injection 

1<) 

17 

1, 

0 

3 

0 

0 


The results of the experiments can be summai ized shortl}’’ by saying 
that in no case was any beneficial effect on the infected animals 
observed, and in some cases the tieated animals died soonei than 
the contiols 

Two modifications of the loutine method of tieatment weie made 
in an effort to eliminate certain factois which may have been lesponsible 
for the negative results When 21 c c are given each hour intiave- 
nously, at the end of ten houis there has been injected in all 210 cc 
If no urine, or only a small amount, is excieted m ten houis, the volume 


6 A minimum lethal dose is one that will kill within twenty-four hours 
If a rabbit overcomes an infection for from thirty-six to forty-eight hours it 
IS not likely to die at all, and in order to be sure of a fatal dose the twenty- 
four-hour period was selected 


7 At the end of each injection blood cultures were made from an ear vein, 
and at death smears and cultures were made from the heart’s blood , in every 
case these were positive, and in the last experiment a count of the bacteria 
showed four times as many in the blood as with the control 
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of blood had practically been doubled, which, besides deci easing the 
concentration of ethylhydrocuprein also decreases the concentration 
of antibodies To obviate this the drug was given in a 2 pei cent 
sodium eWorld solution, which is maikedly diuretic Nevertheless, 
no improvement m the lesults was obtained 

Another modification was to give a large initial dose at once and 
to follow this immediately with periods of continuous injections of 
15 mg pel kilogiam-houi, of thiee hours each The results dififeied 
m no way from the others 


TABLE 3— Results of Treating Rabbits Infected with Pneumococcus 
WITH Eth\lii\drocuprein Injected Intravenously’’' 


Weight 

of 

Rabbit, 

Gm 

Amount 
of Opto 
chin per 
Rilo Hour, 
Gin 

Amount 
ofNnCl 
Solution 
per Hour, 
Cc 

1 

I Hours 

1 of 

Inicetion 

Dose of 

Pneumouioccus j 

Results of 
Treatment 

1,670 

0 00S2 

IS 

7 

1 24 bom slant ( > M L D ) 

Dead uithin 21 hours 

l,G2o 

0 0074 

IS 

7 

1 1 24 hour slant (5 JI L D ) 

Dead uithin 24 houis 

2,1ST 

0 010 

18 

1 

Fust period, C hours, 
second period ( iftcr 
3^ hours’ intcnal) 

4 Jiours 

2 e c of broth culture (G 
M L D) 

Dead nithin 24 hours 

1,830 

0 011 

21 

First period, G hours, 
next morning, 6 
hours 

lee of broth culture (2 
M L D) 

Died suddcnlj at the 
close of second injee 

1 tion 

1,660 

0 01 

21 

0 

0 6 c c of broth culture (5 
51 L D) 

1 Died nitliin 24 hours 

1,700 1 

0 01 1 

21 

G hours after 3 hour 
interval, l hour 

0 1 c c of broth culture (10 
51 L U) 

Died during injection 

1,747 

0 01 

21 

8 

0 001 c e of broth culture 
(1 51 E I) ) 

i 

Died nithin 24 hours 


* This protocol lists only tjpical experiments and docs not include all experiments done 


While these results do not bear out the theory at the basis of con- 
tinuous intravenous injections, it is piobably because of the nature of 
the drug and not because of the method These lesults lead to the 
same conclusions as those of Mooie, that the diug is useless in the 
routine treatment of'pneumoma 

It is possible that a study of the action of ethylhydrocupi em given 
continuously m this way on the action of antibodies may explain in 
some way the paradoxical fact that the pneumococcus sejAicemia pio- 
gresses in spite of a demonstrable bactericidal action of the serum 

SUMMARY 

1 Ethylhydrocuprein can be given to rabbits intravenously and 
continuously over protracted lengths of time at the rate of 10 mg per 
kilogram per hour, without apparent toxic effects 

2 When injected intravenously into rabbits at the rate of 10 mg 
per kilogram per hour for seven hours, ethylhydrocuprem produces 


1 

I 
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a slight bactericidal action of the serum A much higher bactericidal 
action IS produced when it is injected at the rate of 15 mg per kilo- 
gram per hour for seven hours 

3 The effect of a fatal dose of pneumococcus on rabbits is not 
affected by the continuous intravenous injection of ethylhydrocuprem, 
in spite of the fact that the animal’s blood may be distinctly bactericidal 
in vitro 

4 The continuous intravenous injection of a soluble bactericidal 
therapeutic drug has theoretical advantages over the usual single or 
intermittent dosage The failure of the method with ethylhydro- 
cuprein is probably due to the nature of the drug and not to the method 
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AN EXPERIMENTAL STUDY OF SERUM THERAPY 

IN TRICHINOSIS 

MAURICE C HALL, PhD, and MEYER WIGDOR, MA 

DETROIT 

Salzer^ has published a study of trichinosis in which he claims to 
have secured beneficial lesults in man and in experiment animals by 
the use of serum from patients recovered from the disease In this 
connection he also claims that injections of serum are prophylactic 
against trichinosis , that animals fed with infected meat within twenty- 
four hours after the administration of the serum might develop a mild 
form of trichinosis, but if fed at a later period would prove to be 
immune , and that if immune serum was mixed with infected meat and 
then fed to animals, the animals did not develop trichinosis, though 
the ingestion of the same meat without serum was invariably followed 
by the appearance of the disease In two patients in the active stages 
of trichinosis the administration of the serum showed remarkable 
curative power, there was a decided drop in temperature within six 
hours and the normal temperature had entirely subsided witliin twenty- 
four hours 

Schwartz^ has categorically taken up Salzer’s claims and rejected 
them, largely on the basis of animal experimentation, in the follow- 
ing language 

1 Serum from animals convalescent from trichinosis when injected into 
other animals did not produce immunity to trichinosis in the latter 2 
Trichinous meat mixed with serum from animals during the active or con- 
valescent stage of the disease proved to be still capable of producing the 
disease 3 Animals once infected and harboring trichinae in their muscles 
were not immune to further infection when fed trichinous meat 4 Serum 
from a trichinous animal had no observable ill effects on the larvae freed from 
their cysts by artificial digestion 5 None of the results of the experiments 
appear to be in harmony with the assertions made by Salzer concerning the 
value of serum from convalescent animals as a prophylactic or curative agent 
in trichinosis 

We have carried out a number of experiments m testing the prophy- 
lactic and curative value of serum from animals recovered from 
trichinosis, and have come to the following conclusions So far as 
our experiments are comparable to those perfoimed by Schwartz, our 
findings are in agreement with his and tend to disprove Salzer’s 
specific contentions along these lines, but we believe that in spite of 

=*■ Submitted for publication June 19, 1918 

*I^search Laboratory, Parke, Davis and Company 

1 Salzer, B F Jour Am Med Assn, 1916, 67, 579 

2 Schwartz, Benjamin Jour Am Med Assn, 1917, 69, 884 
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some erroneous contentions, Salzer may be right in part of his assei- 
tions and the treatment he suggests worthy of more approval than 
Schwartz is inclined to accord to it 

The reason we both agree and disagree with Salzer and with 
Schwartz is that there are two phases of trichinosis which are not 
differentiated by either of these writers, though each stands on good 
ground according to the phase he is considering Trichinosis is a 
disease due to the presence in the body of the worm called Ti icJmiella 
spiiahs {Tnchma spit ahs) One phase of the disease is a mechanical 
phase, due to the presence and actions of the worm in the digestive tract, 
the blood stream, and the musculature The other phase of the disease 
IS chemical in nature and is due to the presence m the blood of the 
more or less toxic excretions and secretions of the worm The first 
phase of the disease sets up an inflammatoiy defense reaction which 
terminates in the walling-in and sealing of the worm cyst in the 
muscles The second phase of the disease sets up the customary 
antibody defense reaction of the blood, which defense reaction becomes 
manifest in an eosmophiha that may go as high as 86 per cent and 
which presumably terminates when the sealing of the worm cyst pre- 
vents the excretion and secretion products from reaching the blood 
stream and when those already present are neutralized or otherwise 
disposed of and rendered innocuous by the blood 

As regards the first phase, in our opinion, serum has little or no 
power to prevent the development of the larval worms to adults m 
the intestines, to prevent the embryo worms from invading the blood 
stream and tissues, and to prevent these embryo worms from encysting 
and developing to infective larvae The experiments performed by 
bchwartz and ourselves bear out this contention, and so far as Salzer 
claims the contrary, we believe he is in error 

The claim is occasionally made that worm infestations produce 
immunity to subsequent infestations with the same worm For most 
worms there is a great deal of evidence against the belief and but a 
small amount in favor of it It has recently been claimed by Fujinami 
for schistosomiasis 

As regards the second phase, there seems to be no evident reason 
why serum from an animal that has recovered from trichinosis should 
not be of value m protecting another animal from the toxic effects of 
the secretions and excretions of the worms These materials, be they 
specific secretions or waste products of the worm’s metabolism, must 
act like any other foreign protein in the blood in the production of 
antibodies, and recovery from the disease represents not only the 
survival of the mechanical damage due to the worm, but an adequate 
production of antibodies to offset the deleterious effect of these toxic 
proteins on the body economy In this connection it might also be 
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noted that while worm infestations in geneial are typically afebrile 
conditions, tiichinosis in man is typically febrile, and that the pro- 
duction of the high temperatuies has been attributed by some workers 
to the invasion of the tissues and blood stream by bacteria accompany- 
ing the worms There is exactly the same reason to suppose that the 
serum of an animal which has lecoveied fiom trichinosis would be of 
value in supplying readymade antibodies to combat toxic worm piod- 
ucts, and perhaps accompanying bacterial pioducts, in a case of tiichi- 
nosis, as there is foi believing that seiums from immune animals aie of 
value m diphtheria or tetanus In this lespect we aie in agreement 
with Salzei as to the probable value of such a serum, and believe that 
Schwaitz hats not attached enough importance to this phase of 
the subject 

EXPERIMENTS 

In undertaking oui expeiiments we first infected a dog in order 
to obtain a supply of seium The tiichmous poik foi feeding to start 
the expeiiments was obtained through the kindness of Dr B H 
Ransom, chief of the Zoological Division of the United States Bureau 
of Animal Industry, who has made some notable contiibutions along 
the line of contiol of trichinosis through the federal meat inspection 
service The infected meat was fed in small lots to two dogs, 
as follows 

Dog 127 — A mongrel hound weighing 115 kg, was given 2 gm of the 
meat Daily examinations of the feces foi the next twenty-six days did not 
show the passage of any trichinae On the twenty-sixth day the dog was 
bled from the jugular and then killed with chloroform Examination of 
the diaphragm did not disclose any tnchinae The animal may have had a 
light infection, which was not detected, or it may have been immune to 
trichinosis, as dogs are commonly resistant to the development of trichinae 
Such resistance to infection with species of worms other than those custom- 
arily found in a given host species seems to be more a mattei of nice adaption 
to host morphology, temperatures, chemical leaction of the gastio-mtestinal 
secretions, and such inherent physical and chemical conditions, than a matter 
directly related to any of the blood reactions commonly concerned in immunity 

Dog 129 — A mongrel weighing 15 kg was given 3 gm of tnchinous meat, 
twenty-five days later it was fed 2 gm more, ten days later it was fed 2 gm 
more, eleven days later it was fed 4 gm more, four days later it was fed 

4 gm more, five days later it was fed 5 gm more, six days later it was fed 

5 gm more, eight days later it was fed 64 gm more, a. total of 89 gm of 
tnchinous meat The dog remained active throughout the experiment and did 
not appear diseased or uncomfortable except for a keratitis beginning the 
second day after the first feeding and disappearing eighteen days later The 
dog was bled from the jugular under chloretone anesthesia 111 days after the 
first feeding and forty-two days after the last feeding, and the seium separated 
and preserved with 04 per cent trikxesol The diaphragm was found to be 
fairly well infested with trichinae 

The animals used foi the tests of the seium weie white mice 
They aie easy to infect, but they show little clinical evidence of the 
disease, so that our tests of efficacy aie primaiily a consideiation of 
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the longevity of infected rats treated with serum in comparison with 
check animals simiharly infected but not treated, all animals being 
kept, so far as possible, under identical conditions of temperature, food, 
water, etc The rats were run in series of two to six, one or more 
serving as checks, and the others receiving various treatments 

We tried guinea-pigs first, feeding them from the same trichmous 
pork with which the dogs had been fed, but experiments with twelve 
of them showed that the meat was but slightly infective at this time 
or the guinea-pigs were resistant, so the diaphragm of Dog 129 was 
used as the initial infective material and the guinea-pigs dropped in 
favor of rats The supply of trichmous meat was kept up by feeding 
dead experiment rats to new experiment rats The experiments follow 

Senes 1 — To Deteimine Whether Setum Affects Trichina Larvae 

Rat 1 was fed 10 gm of the diaphragm of Dog 129 and six days later was 
fed 13 gm more Thirty-four days later the rat received a subcutaneous 
injection of 1 c c of the serum from Dog 129 The rat was killed nine da 3 'S 
later and the muscles found infested It was used to infest other rats 

Rat 2 was fed the same amounts at the same time as Rat 1 It was injected 
the same day, but received 2 c c of serum It died forty-four days after the 
injection, and the muscles were found infested and infective for other rats 
This experiment only indicates that serum exerts no evident bad effect on 
trichinae when used at the interval and in the amount given, the trichinae 
being alive and infective for susceptible animals 

Senes 2 — To Deteimine the Effect of Simultaneous Injection and Feeding 

Rat 1 was fed 1 gm of meat from Rat 1 of Senes I, and was injected at 
the same time with 1 c c of serum The rat escaped while a temperature was 
being taken and was soaked with cold water before it was captured It was 
found dead the next day Postmortem examination showed pneumonia This 
animal cannot be considered in determining the results of the experiments 
Rat 2 was fed 1 gm of meat from Rat 1 of Series 1, and was injected at 
about the same time with 2 c c of serum The following day it was fed 
1 gm more of the meat Two days after this second feeding the rat was 
almost dead, so it was killed The intestine was hemorrhagic and scrapings 
showed numerous trichinae 

Rat 3, the check, was fed the same amounts and at the same time as Rat 2, 
but was given no serum This rat died either the afternoon of the day it 
was fed the second time or the following day The intestine was hemorrhagic 
and showed numerous trichinae, especially in the duodenum 

In this experiment the treated animal outlived the check a short time, one 
or two days 

Senes 3 — To Test the Prophylactic Value of Seium Simultaneously 

Injected or on Food 

Rat 1 was fed 2 gm of trichmous meat and was injected at the same time 
with 1 5 c c of serum Eight days later it was fed 1 gm more Forty days 
after the second feeding it was fed 1 gm more Six days after this last feed- 
ing the rat was killed -The muscles were heavily infested 

Rat 2 was fed the same amounts and at the same time as Rat 1, but the 
first feed of trichmous meat was mixed with 5 cc of serum before feeding 
In addition to the feedings at the same time as Rat 1, this rat was fed 1 gm 
of meat the day Rat 1 was killed Four daj's later it was fed 1 gm more, 
SIX da\s after this feeding it was fed 1 gm more Five days after the last 
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feeding it was found dead The intestine was hemorrhagic and contained 
trichinae Trichinae were abundant in the muscles 

Rat 3, a check, was fed the first two times that the others were fed, getting 
the same amount of trichinous meat Two days after the second feeding the 
rat was found dead No trichinae were found in the diaphragm or intestines 
In this experiment the rats receiving the serum outlived the check ra.t 
decidedly, but it was impossible to associate definitely the death of the check 
animal with the feeding of trichina Experiments show, however, that neither 
the injection nor the feeding of serum prevented infection with trichinae 


Senes 4— To Test the Prophylactic Value of Senim Simultaneously 

Injected oi on Food 

Rat 1 was fed 1 gm of meat mixed with 1 c c of serum Additional feed- 
ings of 1 gm each were made on the third, tenth, fourteenth and twentieth 
days after the first feeding, but no serum was given with these feedings The 
day after the last feeding the rat was found dead The intestines were hemor- 
rhagic and the lungs pneumonic Trichinae were found in the intestines and 
musculature 

Rat 2 was fed the same amounts and at the same time as Rat 1, but the 
first gram of meat was mixed with 2 cc of serum Following the death of 
the first rat. No 2 was fed additional meat as follows 24 days after the 
first feeding, 0 5 gm , 28 days, 1 gm , 38 days, 1 gm , 45 days, 2 gm , 52 days, 
1 gm , 57 days, 1 gm , 63 days, 1 gm , 68 days, 0 5 gm The rat died the day 
after the last feeding The lung was pneumonic and presented tubercles, the 
nature of which was not determined There were trichinae in the intestine 
and the musculature showed a very heavy infestation Trichinae were present 
in the scalp muscles, the eye muscles and in some coats of the eye 

Rat 3 was fed the same amounts and at the same time as Rat 1, but 
received an injection of 1 cc of serum when the first gram of meat was 
fed This rat died five days after Rat 1 The stomach and small intestine were 
hemorrhagic and the lungs pneumonic There were trichinae in the intestine 
and musculature 

Rat 4 was fed the same amounts and at the same time as Rat 2, but 
received an injection of 2 cc of serum at the time the first gram of meat 
was fed This rat also received an additional 0 5 gm of meat seven days after 
the last feeding of Rat 2 Ten days after this feeding the rat was found dead. 
This rat showed a pronounced edema of the eyelids and the left eye became 
purulent and blind Trichinae were found in the intestine and the muscles 
were heavily infested 

Rat 5, a check, was fed the same amounts and at the same time as Rat 1, 
but received no serum In addition it was fed 0 5 gm of meat four days after 
the last feeding of Rat 1, and 1 gm eight days after the last feeding of Rat 1 
Two days later the rat began to develop nervous symptoms It would fall to 
the right side and could hardly assume or maintain an erect position Four days 
later the condition was more marked and the rat would roll over and over to 
the right unless restrained by some limiting object on that side Eight days 
after its last feeding the rat was found dead The intestine was hemorrhagic and 
the lungs pneumonic Trichinae were found m the intestine and in the 
diaphragm 


Rat 6, a check, was fed the same amounts and at the same time as Rat 5 
In addition it was fed 1 gm of meat ten days after the last feeding of Rat 5 
and 2 gm seventeen days after the last feeding of Rat 5 Eight days after 
Its last feeding the rat was found dead There was a severe hemorrhagie con- 
dition in the jejunum, less severe in the duodenum, and the lungs were pneu- 
monic Trichinae were found in the intestine and diaphragm 

It will be seen from the foregoing that the serum, injected or fed with the 
tncliinous meat had no evident prophylactic value 
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As legards the curative value of the serum, as judged by comparative 
longevity of the treated animals and the checks, we find the following 

Two of the treated animals, those receiving the largest amounts of serum 
by injection or feeding, outlived both the checks, and both the checks outlived 
the other two treated animals, those receiving the smallest amount of serum 
by injection or feeding As the feedings were kept up, the survivors in all 
cases received larger amounts of meat than the animals outlived by them The 
animals receiving the larger amount of serum outlived the checks by totals 
of 120 days, while the checks outlived the animals receiving the smaller amount 
of serum by totals of eighty-four days This leaves a slight presumption in 
favor of the idea that there is some value in the treatment The severity of 
infestation m Rats 2 and 4 may be fairly associated with their additional 
feedings 

Scites 5 — To Test the Pi ophylacttc Value of Simultaneous and 
3 and 4 Cc Injections of Semin 

Rat 1 was fed 2 gm of meat and at the same time was given a subcu- 
taneous injection of 3 cc of serum Seven days later it was fed 2 gm 
more of meat, seventeen days later, 2 gm more, twenty-four days later, 
1 gm more, and twenty-nine days after the first feeding was fed 1 gm more 
Two days later the rat was found dead The lungs showed hepatized areas, 
the liver was light colored and apparently degenerated Trichinae were found 
in the intestine, and the diaphragm was rather lightly infested 

Rat 2 was given two feedings at the same time that Rat 1 received its 
first two, and got the same amounts, but was given an injection of 4 cc of 
serum at the time of the first feeding Seventeen days after the first feeding 
It was found dead The lungs showed areas of hepatization and there was 
some blood in the intestine Trichinae were plentiful in the intestine, but the 
diaphragm was very lightly infested 

Rat 3, a check, was fed four times at the time Rat 1 received its first 
four feedings, and received the same amounts as Rat 1 Five days after the 
last feeding this rat was found dead The lungs were pneumonic and the 
jejunum hemorrhagic There were trichinae in the intestine and the diaphragm 
was very heavily infested 

While the injections of large amounts of serum, 3 or 4 cc, did not prevent 
infestation with trichinae in Rats 1 and 2, it is nevertheless interesting to 
no^e that these rats, which had been fed five times and two times, had 
very light infestation with trichinae, while the check rat, which was fed four 
times, had a very heavy infestation 

As regards longevity, a treated rat outlived the check nine days and the 
check outlived the other treated rat five days, a margin in favor of the treated 
animals 

Series 6 — To Test the Piophylactic Value of Injections 
Pievious to Feeding 

Rat 1 was injected with 1 cc of serum and fed 1 gm of heavily infested 
meat the next day One week after each of these proceedings, the injection 
and the feeding were repeated Five days after the second injection of serum 
it was repeated, followed by the feeding of a gram of the meat the next day, 
making a total of three injections of 1 cc of serum followed each time bj 
feeding 1 gm of meat the next day Four days after the last feeding the 
rat was found dead The lungs were pneumonic A moderate number of 
trichinae were found in the intestine, but none m the diaphragm at that date 

Rat 2 received the same treatment, as regards serum and tnchinous meat, 
that Rat 1 received This animal lived and enjoyed good health for fifty-eight 
days and was killed at that time to permit of postmortem observations and 
to close up the experiment The anterior portion of the right lung presented 
tubercles and was adherent to the chest wall at this point There were no 
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trichinae found in the intestine and only a very moderate number in the 
diaphragm 

Rat 3, a check, was fed the same amount of trichinous meat at the same 
time as the other rats, but was given no serum This rat died five days after 
the last feeding The intestine was hemorrhagic and heavily infested with 
trichinae No trichinae were found in the diaphragm at this time 

As regards longevity, the check outlived one treated animal by one day, 
but the other treated animal outlived the check by thirty-nine days and was 
killed when it had evidently outlived any danger from its trichina feeding 
and apparently would have lived much longer 

As regards development of trichina, the check rat had a much larger number 
in the intestine than the treated Rat 1, these two rats did not show somatic 
trichinosis, but died too soon to permit of conclusions in regard to this 
Rat 3 lived long enough to lose its intestinal trichinosis and had acquired a 
mild somatic infestation 

SUMMARY OF EXPERIMENTAL DATA 

A summary of the foregoing data on longevity show^s Of fifteen 
rats, those given the serum treatment outlived the checks m nine cases, 
whereas the checks outlived those given the serum m six cases In 
two cases the treated animals were killed instead of being allowed to 
die The figures for each senes are as follows 

Series 2 Treated animal outlived the check by one or two days 

Series 3 Treated animals lived an average of 62 5 days, the 
check, 11 days Tieated animals lived on an average 51 5 days longer 
than the check 

Series 4 Treated animals lived an average of 51 25 days , checks, 
45 5 days Treated animals lived on an average 5 75 days longer 
than the checks 

Series 5 Treated animals lived an average of 25 days, the check, 
23 days Treated animals lived on an average 2 days longer than 
the check 

Series 6 Treated animals lived on an average 37 (plus) days, 
the check, 18 days Treated animals lived on an average 19 (plus) 
days longer than the check 

Note that treated animals outlived the checks m every series, 
the total number of days which treated animals survived the checks 
being 80 (plus) 

From what ive know of antibody production it appears, then, 
entirely likely that serum from an animal recovered from trichinosis 
would be of value in combating the toxic features of the disease Our 
experiments seem to bear out this idea The experiments are by no 
means proof of the value of the treatment, but they are evidence 
which accords with the theoretic possibilities and with Salzer’s good 
clinical results in two of his cases, which results deserve to be con- 
sidered apart from what appear to be undemonstrable claims m regard 
to serum inhibition of trichina development 
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The clinical picture of trichinosis in rats is not a well defined atfair 
as in man Rats are the habitual and normal hosts of trichinae and 
probably have an inherent tolerance for these worms Raebiger^ 
found no eosmophilis in the blood of tnchinous rats and but few eosino- 
phils around the encysted trichinae, though Opie^ found eosinophilia 
beginning at the end of the second week Rats show little evidence of 
myalgia and the pyrexia present in man seems to be lacking The day 
after rats are fed trichinae there is usually a marked fall of tempera- 
ture, followed by a rise to normal the following day, or a slow rise 
for several days Such data as we have on this point (temperatures 
were not taken on Sundays) shows that twenty-four hours after 
feeding tnchinous meat without serum in any form, the temperature 
dropped 42 times, an average drop of 1 9 degrees, and rose 19 times, 
an average rise of 1 1 degrees Where tnchinous meat was fed and 
serum injected at the same time the temperature dropped 5 times, an 
average of 0 96 degree, and rose once, 1 degree Where tnchinous 
meat was fed after being mixed with serum the temperature dropped 
in both of two cases, 0 3 and 1 2 degrees Where serum was injected 
without tnchinous meat being fed the same day the temperature 
dropped 4 times, an average of 0 56 degree, and rose 4 times, an 
average of 0 7 degree The greatest fall of temperature followed by 
recovery was in the case of Rat 1 of Series 4, on the third feeding 
the temperature dropped from 99 8 F the day of feeding to 95 5 
the following day, a drop of 4 3 degrees, but rose to 99 the next day 
The greatest nse in temperature was in the case of Rat 4 of Series 4 , 
on the sixth feeding the temperature rose from 97 6 to 101, a rise 
of 3 4 degrees 

The usual fall m temperature seems to be associated with a marked 
enteritis There is usually blood in the feces and rectum the day after 
feeding tnchinous meat, a condition that may visibly persist for as 
many as four days after feeding Associated with this is a diarrhea 
and more or less gas in the intestine Pneumonic conditions were 
rather common in these rats, perhaps due to the passage of embryos 
through the pulmonary capillaries The edema of the eyelids, which 
IS comparatively common in trichinosis in man, was only detected 
once in our rats 

The fact that rats are extremely tolerant of trichinae and do not 
present a clinical picture comparable to that in man, and the fact that 
other experiment animals are open to the same objection (experimental 
feeding to a shoat failed to develop pyrexia, though 83 gm of trichi- 
nous meat were fed in thirty-three days) or are open to the objection 

3 Raebiger, S Ztschr f Infektionskr d Haustiere, 1911, 9, 120 

4 Opie, EL Am Jour Med Sc, 1908, 127, 477 ’ 
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that they are difficult to infect, suggests that the value of immune serum 
in trichinosis can hardly be ascertained except by clinical test on human 
patients The lack of febrile conditions in rats, or in the shoat just 
mentioned, suggests that in these animals there is an inherent immunity 
to the second phase of trichinosis, the phase associated with toxic 
products in the blood and with antibody production against the toxins 
Rats and sv me have presumably acquired this immunity through ages 
of infestation and apparently suffer primarily from the first phase of 
the disease, the mechanical phase, against which no immunity could 
readily be developed Man, in a comparatively short and limited 
experience in feeding on raw trichinous pork, has developed no such 
immunity to the second phase of trichinosis 

In view’^ of the fact that our present day treatment of trichinosis 
IS mostly palliatue and symptomatic, a serum treatment might be of 
considerable therapeutic value Its commercial value wmuld be slight 
The number of cases of trichinosis in the United States yearly is not 
large, the serum from one horse w'-hich had been properly immunized 
by feedings of trichinae would probably more than supply treatment 
for all cases Such production could only be profitably undertaken by 
a firm selling directly from a central plant , it could not be profitably 
undertaken by a firm with numerous branch houses to be restocked 
yearly 

SUMilARY AND CONCLUSIONS 

Our experiments bear out the conclusions of Schwartz to the effect 
that serum from animals convalescent from trichinosis, when injected 
into other animals or fed to them mixed wuth trichinous meat, does 
not mhibit the customary’- development of trichinae 

On the other hand, theoretic considerations, the clinical observa- 
tions of Salzer, and the longevity data from our expnments lead us to 
the conclusion that such a serum may be of decided value in combating 
the toxic features of trichinosis, a conclusion which is in general agree- 
ment wdth Salzer’s belief in the value of such a serum 
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METABOLISM IN A CASE OF HEMOCHROMATOSIS'^ 

C W McCLURE, MD 

BOSTON 

Meltzer/ in 1900, and Parker/ in 1903, suggested that the deposi- 
tion of iron-containing pigment in the tissues in hemochromatosis was 
in part the result of faulty retention of iron This view was given 
support in a more recent article edited by Garrod^ in which Mackenzie 
Wallis stated that no iron was found in the feces, urine, or bile of a 
case of hemochromatosis while a slight increase in the iron content of 
the blood was present Mackenzie Wallis was unable to carry out 
metabolism studies in his case, but he emphasized the importance of 
such work Howard and Stevens^ have recently reported the first 
accurate metabolism studies in this disease Their publication gives an 
excellent discussion of what is known concerning its chemistry In 
the report here presented additional metabolism studies on a case of 
hemochromatosis have been made 

METHODS 

The patient was given the following diet 


Food Mixture 


Milk 

625 c c 

Cream (40%) 

275 cc 

Eggs 

550 gm 

Malted milk 

60 gm 

Water up to 

2,500 c c 


This diet did not exceed the carbohydrate tolerance of the patient as judged 
bv the absence of sugar from the urine throughout the period of the metab- 
olism experiment Feedings were given at two hourly intervals from 7am 
to 7 p m With each of the first morning feedings the patient was given a 
gelatin capsule containing from 0187 to 0210 gm of ferric ammonium citrate 
The stools at the beginning and the end of the experiment were demarcated 
by adding 2 gm of charcoal to the first and last feedings The patient was 
given the diet one day prior to beginning the collection of specimens The 
metabolism experiment was of five days’ duration All the stools were col- 
lected in porcelain containers, mixed with 2 per cent hydrochloric acid in 
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1 Meltzer, S J The Pathogenesis of General Hemochromatosis (Diabete 
bronze) Med Rec , New York, 1900, 57, 43 

2 Parker Case of Bronze Diabetes Brit Med Jour, 1903, 2, 1052 
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Garrod, A E A Contribution to the Study of Bronze Diabetes Quart Jour 
Med , 1913-1914, 7, 129 

4 Howard, C P, and Stevens, F A The Iron Metabolism of Hemo- 
chromatosis The Archives Int Med, 1917, 20, 896 
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95 per cent alcohol and dried to constant weight at 50 C Aliquot portions 
of each day’s food were mixed and kept under toluol on ice The urine was 
preserved under toluol on ice 

Nitrogen -was determined by the Kjeldahl method and ammonia by the 
aeration method of Folin^ Iron was determined by the method of Neumann® 
The total sulphur was quantitated by Benedict’s’ method The food and feces 
were prepared for the sulphur determination in the way outlined by Baumann 
and Howard® To determine phosphorus the food, feces or urine were first 
ashed by Neumann’s metliod The phosphorus was precipitated as ammonium 
phosphomoljbdate and determined volumetncally Calcium and magnesium 
u ere quantitated by McCrudden’s method ' The food and feces were prepared, 
in the analysis for calcium and magnesium, by the procedure outlined by 
Baumann and Howard Potassium and sodium were determined in the solu- 
tion obtained by ashing according to Neumann’s method They were obtained 
as the chlorids and then the potassium as the chloroplatinate by the usual 
methods In determining chlorin, sodium carbonate (NaiCOs) was added to 
the urine or food and the whole evaporated to dryness in a platinum dish on 
the water-bath The residue was incinerated, avoiding red heat The ash 
was extracted uith cold nitric acid (HNOa), the residue heated until white, 
the acid extract added and the whole evaporated to dryness The residue 
was extracted with dilute nitric acid and tlie chlorin titrated according to 
Mohr’s method’® Urea was determined by the method of Van S^'ke and 
Cullen,” and total nonprotein nitrogen in the blood by that of Folin“ Blood 
fats were estimated by Bloor’s metliod’® The basal metabolism was deter- 
mined by the method of indirect calorimetry The usual mask covering the 
nose and mouth was used The expired air was collected in a Tissot spirometer 
Analyses for oxygen (O 2 ) and carbon dioxid (COs) were made with the 
Haldane gas analysis apparatus The patient was kept at complete rest in 
bed without food or drink for eight hours prior to running the basal metab- 
olism experiment 

5 Folin, O Aeration Method for the Determination of Ammonia A Lab- 
oratory Llanual of Biological Chemistry New York, 1916, p 79 

6 Neumann, A Einfache Veraschungsmethode (Sauregemisch-Veraschung) 
und vereinfachte Bestimmung von Eisen, Phosphorsaure, Salzsaure und anderen 
Aschbestandtheiler unter Benutzung dieser Sauregemisch-Veraschung Ztschr 
f physiol Chem, 1902-1903, 37, 115 

7 Benedict The Estimation of Total Sulphur in Urine Jour Biol Chem, 
1909, 6, 363 

8 Baumann, L, Howard, C P Metabolism of Scurvy in an Adult The 
Archives Ixt Med, 1912, 9, 665 

9 McCrudden, F The Quantitative Separation of Calcium and Magnesium 
in the Presence of Phosphates and Small Amounts of Iron Devised Especially 
for the Anabasis of Foods, Urine and Feces, Biol Chem, 1910, 7, 83 The 
Determination of Calcium in the Presence of Magnesium and Phosphates the 
Determination of Calcium in Urine, Jour Biol Chem , 1911, 10, 187 

10 Hawk, P B Practical Physiol Chem , Philadelphia, 1916 

11 Van Slyke, D D , and Cullen, G E A Permanent Preparation of Urease 
and Its Use in Determination of Urea, Jour Biol Chem, 1914, 19, 211 

12 Folin, O , and Denis, W Nitrogen Determinations by Direct Nessleriza- 
tion II Nonprotein Nitrogen in Blood, Jour Biol Chem, 1916, 26, 491 

13 Bloor, W R Nephelometric Method for the Determination of Fat in 
Blood, Jour Biol Chem , 1911, 17, 377 A Method for the Determination of 

Lecithin ’ in Small Amounts of Blood, Jour Biol Chem , 1915, 22, 133 The 
Separate Determination of Cholesterol and Cholesterol Esters in Small Amounts 
of Blood, Jour Biol Chem, 1916, 27, 107 



612 


c w McClure 


ARCH L 


SYNOPSIS OF THE CASE REPORT 

Histoiy — W W S, Med No 6565, white man, aged 52, was admitted to 
the Peter Bent Brigham Hospital, May 7, 1917, and discharged improved June 3, 
1917 Complaint, “weakness and sciatica ” The family and marital history are 
unimportant Habits The patient did not use alcoholic drinks He used 
tobacco in moderation, but took no drugs Occupation Police officer He stopped 
nork April 8, 1917, because of present illness 

Past Medtcal History — The patient was born in Scotland and had lived in 
America fortj-liYe jears He had scarlet fever as a bab}% influenza nineteen 
>ears and tjphoid feier nine jears prior to admission He had had a broken 
arm and four broken ribs A hjdrocele was tapped in October, 1916 The 
past medical historj was otherwise negative 

Weight Patient weighed 215 pounds five jears prior to admission His 
present w'eight was 180, 25 pounds having been lost since January, 1917 

Piescnt Illness — For several j^ears the patient had had occasional attacks 
of sciatica-like pains in the right thigh Since Januarj, 1917, this symptom 
had grown worse and was constantly present on admission to the hospital Since 
that time he had become progressivelj' weaker physically For the last few 
weeks there had been a sensation of numbness beginning in the lips and 
radiating down the left arm Polj'dypsia, polyphagia or polyuria were not 
present 

Physical Examination — The patient was a well developed, fairly well nour- 
ished although somewhat gaunt looking man The skin of the neck, face, fore- 
arms and legs was diffusely pigmented and dark brown in color The skin of 
the remainder of the body w'as also pigmented but to a less degree Liver 
dulness began at the fifth nb anteriorly The edge of the liver was palpable 
5 cm below the costal margin in the right mammary line It was smooth 
and nontender The spleen was palpable 2 cm below the left costal margin 
The edge was sharp, firm and nontender Examination of the heart gave no 
abnormal findings Blood pressure was 115 mm systolic and 65 mm diastolic 
There w'as some stiffness and pain in the right knee on motion A roentgeno- 
gram of the joint showed hypertrophic bony changes The remainder of the 
phjsical examination was negative 

Laboi atory Findings — Maj' 7 Blood examination Hemoglobin was 75 per 
cent (Sahli) White cells w^ere 5,600 per c mm The differential count was 
50 per cent polymorphonuclears, 45 per cent Ijmphocytes, 5 per cent large 
mononuclears Maj 31 Hemoglobin was 88 per cent , red cells were 5,680,000 
per c mm , and white cells 5,400 per c mm May 8 Urine examination, 2,100 
cc, amber, acid, specific gravity 1 025, no albumin, IS gm (15 per cent) 
glucose , no acetone , no bile , no erj^throcytes , no leukocytes , a few hyaline 
casts Examination of the feces for blood and other pathologic elements was 
negative The Wassermann reaction in the blood serum was negative The 
cerebrospinal fluid contained 4 cells per emm but no globulin by the Nonne 
test, and the Wassermann reaction was negative mice May 23, the McLean 
index of urea excretion was 143 per cent There were 8 6 mg of urea nitrogen 
per 100 cc of blood Maj 15 the carbon dioxid tension in the alveolar air 
was 36 mm of mercury Dr F B Mallory of the Boston City Hospital made 
the follovung report on the histologic examination of a piece of skin removed 
from the patient’s arm 

The section of skin shows tw'O types of pigment In the lower layers of 
the epithelium, mainly in the basement cells, there is a fairly fine pigment of 
yellowish brown color, diffusely scattered through the cells In the corium 
there is another pigment of a brownish y^ellow color which gives the typical 
iron reaction with the Nishimura stain for hemosiderin This pigment is 
fairly abundant, especially around the coil glands and the blood vessels It 
seems to be, certainly for the most part, within the cytoplasm of the con- 
nective tissue cells Insofar as this particular tissue goes, it is indicative of 
a pigmentation due to an iron-containing pigment and in its distribution is 
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similar to what we have seen in other cases which have come to necropsy, 
and has all the lesions of hemochromatosis in its typical form 

Piogiess of the Ccic— The patient’s unne became free from sugar by limit- 
ing the diet to 30 gm of carbohydrate and 15 gm of protein By May 22 he 
was able to take a diet containing 75 gm of carbohydrate, 75 gm of protein 
and 175 gm of fat without sugar appearing in the urine The symptoms of 
sciatic neuritis disappeared Pam developed in the upper left chest The 
roentgen-ray examination showed a separation of the cartilage and bone of the 
first left rib, but no other pathology Relief from this pain was not obtained 
until a week after the patient left the hospital The patient’s temperature 
varied from 98 to 99 F On the evening of May 29 and the morning of the 
30th the temperature reached 100 but by evening had fallen to 98 6 The 
quantity of unne usually varied from 600 cc to 1,600 cc in the twenty-four 
hours May 7 it was 2,100 c c and on the 23d it was 2,600 c c 

EXPERIMENTAL FINDINGS 

Analyses of the various substances made m the food, unne, feces 
and blood in the iron metabolism experiment are given in Table 1 
During the experiment the patient ingested 10,242 c c of the food 
mixture and 0 9858 gm of ferric ammonium citrate He excreted 
4,260 c c of urine The weight of the dried stools for the entire 
period was 161 8 gm 

The balance of nitrogen and inorganic constituents, except iron, 
was negative (Table 1) The patient ingested 240 mg of iron and 
excreted 0 192 mg in the feces None was eliminated in the unne 
The total amount of fat, the fat partition and the amounts of creatm,^^ 
of creatinm,^"* of urea nitrogen and of nonprotem nitrogen in the blood 
were normal The significance of these findings will be discussed later 

The basal heat production, as determined by the method of indirect 
calorimetry, was obtained with the assistance of Dr J A Wentworth 
The experimental findings are given in Table 2 

A study of Table 2 shows that both the respiratory quotient and 
the heat production were normal These findings demonstrate that 
there was no gross disturbance in the patient’s intermediary metabolism 

SUMMARY AND DISCUSSION 

Twenty per cent (0 048) of the iron ingested by the patient 
was not recovered in the feces None was present m the urine In 
the case reported by Howard and Stevens 8 5 per cent (00025 gm ) 
of the iron fed was not regained Any one explanation for the failure 
to completely recover the iron administered during these experiments 
IS open to criticism This is due to the fact that not enough is known 
regarding the metabolism of iron in the normal person to permit 
unquestionable deductions to be drawn from the findings in pathologic 
conditions It is natural to expect that a certain amount of any sub- 


14 Determinations made by Dr E A Doisy 



TABLE 1— Mitvbolism Expirimlnt, May 25 to 30, 1917, on a Case or HcMOCHROMAiosib 
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TABLE 2 — Basal Mltabolism, May 11, 1917, in Hcmochrom vtosis 
Patient’s height, 178 cm , weight, 778 Lg , surface area, 100 sq m , teinpcraturo (r), 08 4 P 
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stance may be lost m its passage through the body This explanation 
could account for the small amount of non not recovered m the case 
reported by Howard and Stevens Gottlieb^^ has shown that in dogs, 
subcutaneously injected iron may requiie a period of many days for its 
complete excretion The collection of the stools for analysis in the 
case here reported was limited to those feces derived from the iron- 
containing food fed For this reason the failure to recover all of the 
iron administered to this patient may have been due to a lag in its 
excretion The careful studies of QueckenstedT® have shown that all 
the iron administered to patients m whom there was no reason to 
suspect causes for the abnormal retention of that substance was not 
completely excreted during the period of the experiments This 
observei reported the retention of consideiable amounts of iron in two 
cases of chionic endocaiditis and three cases of pernicious anemia In 
these cases from 35 per cent to 51 per cent and from 8 to 35 mg of 
the iron fed were not again recovered during the periods of the experi- 
ments From this discussion it is evident that the failure to recover 
all of the iron administered during the experiment here recorded, and 
m the one reported by Howard and Stevens, does not prove that there 
IS an abnormal letention of iron in the disease, hemochi omatosis 
Nevertheless, it tends to support the hypothesis based on the assump- 
tion that such an abnormal retention does occur If the latter is tiue, 
the experimental findings do not in any way show whether the fault 
lies m a disturbed metabolism, or in the excretory function of iron 
The latter view was held by Garrod He considered that the power of 
the body to excrete iron was markedly diminished The view of 
Garrod is rendered untenable by the findings that the greater pait of 
the ingested iron is eliminated m this disease 

The finding of 0048 gm of non per 100 c c of blood cannot be 
considered an abnormally large amount of that substance in the blood 
Although Garrod states that 0 042 gm of iron is the maximum normal 
amount, Howard and Stevens show this to be erroneous 

The amount of protein in the food ingested during the metabolism 
experiment (Table 1) represented the minimum theoietical require- 
ment for a normal man at rest in bed and of a body weight of 75 kg 
The quantities of inorganic food elements, with the exception of iron, 
weie somewhat less than are usually fed (Footnotes 8 and 17) The 

15 Gottlieb, R Ueber die Ausscheidungsverhaltmssen des Eisens, Ztschr 
f physiol Chem , 1891, 15 , 371 

16 Queckenstedt TJntersuchungen uber den Eisenstoffwechsel bei der perni- 
ozen Anamie, mit Bemerkungen uber den EisentofEwechsel uberhaupt, Ztschr f 
khn Med , 1913-1914, 79, 49 

17 Folin, O Approximately Complete Analyses of Thirty “Normal” Urines 

Am Jour Physiol , 1905, 13 , 45 ’ 
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comparatively low values for the different constituents of the food 
ingested during the experiment piobably explain the small losses of 
nitrogen and the inorganic substances which occurred (Table 1) If 
this explanation is correct, then the finding of the negative balances of 
the different substances studied in this experiment show that there 
was no disturbance m the metabolism as a result of the diseased 
condition, hemochromatosis This result corroborates the findings 
of Howard and Stevens 

The studies made have failed to prove the existence of disturbances 
in the metabolism of the case here reported Nevertheless, from the 
clinical and pathologic knowledge concerning hemochromatosis it is 
very probable that the disease is an expression of some derangement 
in metabolism 

CONCLUSIONS 

1 A retention of food iron has been found in a metabolism experi- 
ment on a case of hemochromatosis Whether or not this retention is 
to be considered as abnormal is unknown Nevertheless, the hypoth- 
esis that there is an abnormal retention of iron in hemochromatosis is 
consistent with the experimental findings 

2 The basal metabolism and the respiratory 'quotient, determined 
by indirect calorimetry, were normal These findings show that there 
was no gross disturbance in the intermediary metabolism 

I wish to thank Dr F W Peabody for permission to carry out the res- 
piratory metabolism experiments in his laboratory at the Peter Bent Brigham 
Hospital Mr A S Wetmore made most of the determinations of the inorganic 
elements Certain of the analyses were made in the chemical laboratory of 
St Luke’s Hospital, Bethlehem, Pa 
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A study of the effect of organisms on rabbits’ appendixes when 
intravenously injected showed that this organ in these animals was 
not always the tissue most seriously attacked, and, furthermore, was 
never the only organ to exhibit alterations m its structure The injec- 
tion of laige doses of active cultures produced a widely disseminated 
infection, with the development of lesions in several different organs 
Although the material was selected with a view to demonstrate an 
elective affinity on the part of the organisms for the appendix, we were 
unable to determine such an affinity, even though the appendix was 
affected in a large number of animals The striking feature of the 
experiments was the almost uniform regularity with which certain 
organs were attacked Lesions were found more frequently in the 
stomach, lungs, skin and endocardium than in the appendix The 
entire gastro-intestinal tract was commonly the seat of hemorrhages 
and presented this picture in the following order stomach, appendix, 
duodenum, small intestine, cecum and large bowel Hemorrhages 
were also noted m the thymus, muscle, peiicardiiim, pleura, and peri- 
articular tissues and eye, in the order named Almost without excep- 
tion the spleen was enlarged, with tense capsule and a soft, deeply- 
colored pulp Vegetative endocarditis was found in thirteen rabbits 
Where there was no hemorrhage, acute lesions were found at times in 
the myocardium, liver, kidney and skeletal muscles Sometimes these 
areas could be recognized in the gross as small yellowish foci The 
joint fluid of the knees was frequently cloudy, or the synovial lining 
quite pink, and the organisms were recovered from these in forty-eight 
rabbits Cultures made from the brain in forty-six labbits gave eight 
positive results Twenty-one of these animals showed small petechiae 
in the lining of the lateral ventricles, and five of the animals showed 
small hemorrhages in the white matter of the cord Ten positive 
cultures were obtained from the gall-bladder From this brief descrip- 
tion It is evident that the injection of micro-oiganisms into rabbits’ 
veins produced a widespread infection, and in this article we wish to 
discuss in detail the lesions observed 
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MATERIAL AND METHODS 

The material for this work was selected with a view to determine 
the effect of organisms from certain sources on rabbits’ appendixes 
All of the organisms from the different materials were studied in an 
effort to gam information on the elective tissue affinity of organisms 
The material for this work was obtained from appendixes, from the 
tonsils of patients having appendicitis, from several pairs of tonsils 
and adenoid tissue removed in the children’s clinic, from tonsils of 
fracture patients otherwise healthy, and pus from an infected hand 
Among the appendixes there were included two normal appendixes, 
two acute ulcerative appendixes, three acute gangrenous appendixes, 
three chronic appendixes, peritoneal fluid in one case of appendicitis 
and pus from an abscess in an abdominal incision following an opera- 
tion fox acute gangrenous appendicitis The tonsils studied consisted 
of those from five of the patients having appendicitis, and those of 
thirteen patients not suffering with this disease, of the latter group, 
ten were fiom patients with fractures, but otheiwise well, while the 
remaining three consisted of tonsils removed from children affected 
with chronic tonsillitis A mass of adenoid tissue from one of the 
latter three was also used for culture The details concerning the 
method of making the cultures is contained in the paper entitled 
“Expel imental Appendicitis” The majority of the animals received 
doses varying from 15 to 75 cc of the original growth, however, at 
times the entiie sediment fiom 150 cc of the original growth was 
injected into one animal The individual variation in resistance among 
the rabbits was a marked feature, in that some of the animals which 
received a small dose developed a severe bacteremia with many lesions, 
while other rabbits inoculated with a larger dose of the same material 
lived, and when killed revealed but few alterations in then organs 
The organisms used for these experiments included hemoljdic and 
nonhemolytic streptococci, pneumococci, staphylococci, B mncosm 
capsulatus and B coh Fifty-eight animals received cultures con- 
taining hemolytic streptococci, of this number there were Sti eptococcus 
pyogenes, 39, with wfieqiiens, 6, with 5' angmosiis, 3, and with 
^ subandns, 10 Forty-three rabbits treated with material containing 
green streptococci were divided in the following way 32 with 5' sali- 
vas ms, 3 with S mitts, 6 with 5 equmus, and 2 with ^9 fecahs With 
the streptococci it was found that rabbits inoculated with hemolytic 
organisms developed a more severe type of bacteremia Twelve 
rabbits were treated with material including organisms of the cap- 
sulated gram-negative group of bacilli, and five received material 
containing B coh Six animals were injected with material from 
which a staphylococcus was isolated as the principal organism, while 
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one rabbit received an injection of a culture of pneumococci Giving 
to the large dosage, most of the animals died Avithin twenty-four hours , 
and those which survived the inoculation were chloroformed at varying 
intervals not exceeding five or six days Of the 125 rabbits used for 
these experiments, eighty-one died and forty-four were chloroformed 
During these experiments our attention was particularly directed to 
an effort to reproduce appendicitis similar to that described by 
Rosenow,^ in which he attributes an elective affinity to streptococci, 



staphylococci, and B coh isolated from the teeth, tonsils or appendix 
in individuals suffering with this malady Consequently, as prescribed 
by him, we administered large doses of the isolated organisms both 
from the original material and after animal passage Routine necrop- 
sies Mere m ade on all animals as soon as death was discovered, or 

l^Rosenow Joiir Infect Dis. 1912, 11,210, idem. Jour Infect Dis, 1914, 
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immediately on chloroforming Cultures were made routinely from 
the heart’s blood, knee joints and gallbladder, and sections of all the 
organs were fixed m Zenker’s fluid and formaldehyd solution for 
microscopic study 

organisms studied 

As previously stated, all of the organisms isolated from the dif- 
ferent sources were employed for inoculation The sediment from 
each original growth was used either in whole amount or divided 
doses Consequently, many of the rabbits received a mixture of 
organisms At the time of inoculation, human blood agar streak plates 
were made in an effort to determine the nature of the organisms 


TABLE 1- 


Organisms Injected 

No of 
Animals 

1 

Stomach | 

i 

Appendix 

Duodenum 

Small 

Intestine 

Pneumococcus 

1 

1 

0 

1 

0 

0 

B Pnedlander 

1 

1 

1 

1 

1 

B acidi lactici 

10 

D 

8 1 

7 

0 

B lactis lerogenos 

1 

1 

0 

1 

1 

B coll communis 

5 

5 

2 

3 

2 

Staphylococcus 

C 

3 

5 

3 

3 

Total 

21 

20 

1 

1C 

15 

16 


TABLE 2 — Percentage of Lesions — 


Organisms Injected 

No of 
Animals 

Stomach 

Appendix j 

i 

1 

Duodenum 

Small 

Intestine 

Streptococcus hemolyticus 

5S 

38 (65%) 

30 (52%) 

19 (32%) 

17 (30%) 

Streptococcus vindans 

13 

27 (63%) 

16 (37%) 

19 (44%) 

5 (11%) 

General organisms 

24 

20 (83%) 

16 (66%) 

15 (62%) 

I 

16 (66%) 

Total 

125 

S3 (GS7o) 

62 (49%) 

53 (42%) 

38 (30%) 


administered After isolation from the original material, or after 
animal passage, pure cultures of the organisms were employed Fol- 
lowing the use of the original mixture, our attention was particularly 
directed to the streptococci contained in the original material and also 
those obtained from the animals at necropsy These organisms were 
classified and studied according to the methods described by Holman ^ 
Although as already stated, we were chiefly interested in the effect of 

2 Holman Jour Med Research, 1916, 34, 377, idem, Jour Med Research, 
1916, 35, 151 
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the streptococci contained in the materials studied, we, nevertheless, 
have quite a group of animals which were injected with other types 
of organisms Following this we have a number of animals which, 
although injected with material containing organisms m addition to 
the streptococci, nevertheless exhibited lesions which were quite char- 
acteristic for the streptococci 

DISCUSSION OF THE BACTERIOLOGIC RESULTS 

With the administration of mixtures of organisms, varying degrees 
of infection were noted Although depending in part on the dose 
given. It was frequently found that animals which received a small 
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1 
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4 
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Hemor 
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6 
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1 

28 (48%) ' 

0 

3 (16%) 

8 (14%) 

33 

S (62%) 

4 (7%) 

24 (41%) 

5 

14 (44%) 

7 (16%) 

6 

0 (14%) 

6 (11%) 

18 

10 (65%) 
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11 (25%) 

1 

2 (12%) 

IS (54%) 

2 

j 
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2 (8%) 

17 

2 (79%) 

0 
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12 

26 (30%) 

48 (38%) 

1 

14 1 

1 

5 (15%) 1 

1 

15 (12%) 

68 

15 (66%) 

1 

11 (8%) 

47 (37%) 


dose were more seriously affected than other animals that had 
received a larger dose of the same material Another point worthy of 
note was the ultimate effect a certain organism or mixture of 
organisms had on different animals The degree of bacteremia varied 
to a great extent, and the same organisms were not necessarily 
recovered from all post-mortem cultures of a given number of animals 
injected with the same material Furthermore, in the post-mortem 
cultures organisms were sometimes found other than those isolated 
from the original material Pneumococci and capsulated gram-negative 
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bacilli were found on a number of occasions where these organisms 
were not isolated from the original material Although realizing the 
difficulty of making an absolutely coriect cultural diagnosis, we feel 
that we are justified m emphasizing the importance of at least con- 
sidering these points in a serious light and not being too hasty in 
believing that some organism which we found in the mixture had 
changed its character after injection into the rabbit’s veins Holman^ 
has commented on the invasion of organisms from normally infected 
sources when animal bodies are in a lowered state of resistance Again, 
different animals react differently to the same material, and we have 
found varying results in post-mortem cultures taken from animals 
injected with the same material This variation was found in those 
animals which were injected with mixtures containing several organ- 
isms Animals injected with pure cultures of the same organism did 
not show this variation so frequently, however, occasionally the cul- 
tures in one animal would show the organisms injected, while those 
in the other animal were sterile All of the animals injected did not 
show a bacteremia However, a large number of the animals died as 
rapid a death as those which showed organisms in the post-mortem 
cultures This must undoubtedly be attributed to the severity of the 
toxemia produced As previously stated, eighty-one of the rabbits 
died Of this number, forty-eight rabbits had a positive blood cultuie 
at necropsy Hemolytic streptococci were found 19 times, including 
S anginosiis, 3 , 6' pyogenes, 14, and 5" equens, 2 Green strepto- 
cocci were isolated 11 times, including 5" sahvanus, 7 , S imtts, 2, and 
6’ eqnimis, 2 The Pneumococcus was found in the blood of one rab- 
bit Capsulated gram-negative bacilli were isolated 17 times, including 
B Frtedlandei , 3, B acidt lacticv, 12, and B lachs aeiogenes, 2 B 
coh communis was found 5 times, B coh commumoi , 1, and B pioteus 
vulgaiis, 1 Six of these animals had more than one organism in the 
blood Hemolytic streptococci were found in cultures from the knee 
joint 25 times, including .S' pyogenes 20, and S angmosus 5 Green 
streptococci were isolated 7 times, all of which were 5’ sahvanus 
Capsulated gram-negative bacilli were obtained 14 times from the knee 
joint, including B Fnedlandei , 2, B acidi lactici, 9, and B lactis 
aeiogenes, 3 B coh commiims was cultured 3 times Cultures made 
from the brain in forty-six rabbits showed .S' salivai lus 1 and 5“ pyo- 
genes 7 times Cultures made from the gallbladder showed B acidi 
lacHci, 6, B coh communis, 2, 6' equinus, 1, and B Fnedlander, 1 
Along with the cultures just described, material was also taken from 
the pleura, pericardium and peritoneum, where these membranes 
showed definite signs of inflammation in the gross, with the result 
that a causative factor was found in most instances Streptococci 
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were isolated fiom the appendix and glands about the cecum, as well 
as fiom the periarticular tissues and muscles Where the organisms 
were not obtained m culture, they were frequently demonstrated in 
gram-stained sections Thus, we found a wide dissemination of 
organisms in animals injected for the express purpose of demonstrat- 
ing a certain elective quality for a particular tissue in these animals, 
with the result that lesions were found m other organs in a very 
appreciable percentage of cases 



Fig 2 — Animal 53, kidney, Stieptococcus anginosus, showing embolus of 
COCCI and glomerulus surrounded by polymorphonuclear leukocytes, endothelial 
cells and lymphocytes There is also interstitial infiltration of these cells 


A survey of the bactenologic examination of these animals indi- 
cated that in a bacteremia the organisms are quite generally dis- 
tributed in all parts of the body In case of the hemolytic strepto- 
cocci, positive cultures were obtained post mortem nineteen times 
from the blood and twenty-five times from the knee joint Rosenow^ 
has called attention to the frequency with which hemolytic streptococci 
injected intravenously can be recovered from the joint cavities, a 
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condition which, no doubt, is the result of the interaction of two 
factors, the one the invasive power of the organism itself and the 
other, the very favorable nidus which the streptococcus finds Green 
btreptococci were cultivated eleven times from the blood and seven 
times from the knee joint Here there is a slight advantage for the 
blood cultures which, no doubt, depend on the viability of the organ- 
isms, and further on the fact that green streptococci have more diffi- 
culty in attacking an uninjured tissue than do the hemolytic organisms 
Of the other organisms which produced a severe reaction in the ani- 
mals, the capsulated gram-negative bacilli were the most important 
These organisms were isolated from the blood seventeen times and 
from the knee joints fourteen times 

Dick® has commented on the apparent affinity of capsulated gram- 
negative bacilli for the joints Here we must bear in mind the marked 
tenacity for life exhibited by these organisms and the very severe 
general infections which are at times observed in humans due to these 
organisms 

DESCRIPTION OF AND DISCUSSION ON LESIONS 

The lesions observed in these experiments consisted of two types, 
hemorrhagic and exudative There was a wide distribution of hemor- 
rhages in the organs of the animals In many animals hemorrhages 
were found in all parts of the body As listed in the paper entitled 
“Experimental Appendicitis,” the lesions which were most pronounced 
were those obsen'^ed as hemorrhage Hemorrhages appeared more 
often m the stomach, lungs, skin and endocardium than in the 
appendix The gastro-intestinal tract showed hemorrhages in the 
following order stomach, appendix, duodenum, small intestine, cecum 
and large bowel The thymus, muscle, pericardium, pleurae, peri- 
articular tissues and eye showed hemorrhages in the order named 
These hemorrhages were usually observed as small, discrete areas 
There were at times, however, quite diffuse hemorrhages about the 
joints and into the muscles of the extremities as well as other of the 
skeletal muscles Microscopically, they were observed as interstitial 
collections of blood cells, as in the muscles, while again diffuse hemor- 
rhages were found in the follicles of the appendix The thymus very 
often showed massive hemorrhage replacing the structure of parts 
of the gland At times infiltration of leukocytes occurred about and 
through the hemorrhage The blood vessels in the vicinity of the 
hemorrhage commonly showed plugs of organisms without evidence 
of inflammatory reaction The protocol of Rabbit 63 will serve to 
illustrate the extensive character of the hemorrhagic lesions which 

3 Dick Jour Infect Dis , 1914, 16 , 176, idem. Jour Am Med Assn, 1917, 
68, 622 
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frequently occurred This animal was injected with the sediment 
from 150 c c of a twenty-four-hour growth of B aadi lactici obtained 
from an appendix The animal died in one and one-half hours in a 
violent convulsion At necropsy there were extensive bright red 
blotchy hemorrhages into the skin over the entire back The con- 
junctiva bordering on the cornea and extending into the reflections of 
the bulbar conjunctiva showed many bright red hemorrhages These 
varied in size from fine petechiae to quite large, irregular blotchy areas 



3 — ^Animal 64, kidney, Streptococcus sahvartus, showing embolus of 
COCCI in the glomerulus with an infiltration of large swollen endothelial cells 


The pleural cavities were free from fluid and there were no hemor- 
rhages into the pleura There were, however, closely aggregated, 
bright red, discrete areas in the soft tissue of the anterior mediastinum, 
some of which were quite thick and suggested considerable leakage of 
blood, although there was no free blood in the mediastinal space 
There was no hemorrhage into the thymus The lungs were intensely 
congested and showed blotchy hemorrhages beneath the pleura The 
endocardium of the left \entricle showed many discrete and confluent 
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bright led hemorrhages The omentum contained many bright red 
hemoirhages Some of these were blotchy, while others were very 
prominent and formed small blood blisters These hemorrhages mea- 
sured from 0 2 to 0 5 cm in diameter There were a few bright red 
hemorrhages into the mesentery The stomach showed several small 
chocolate colored areas in the mucosa of the cardia These did not 
appear to be of recent origin In the first half of the duodenum there 


TABLE 3— 


Organisms Injected 

No of 
Animals 

Stomach 

Appendix 

Duodenum 

Small 

Intestine 

iS pjogenes 

2S 

19 

15 

7 

6 

S subacidus 

10 

5 

2 

2 

1 

S anginosus 

3 

3 

1 

1 

1 

S inlrequens 

2 

1 

1 

1 

0 

S pyogenes— S sain anus 

5 

3 

3 

2 

3 

S pyogenes— pneumococcus 

C 

4 

6 

4 

3 

S inlrequens- B Priedlander 

4 

3 

8 

2 

4 

Total 

68 

88 

30 

19 

17 


TABLE 4— 


Organisms Injected 

No of 
, Animals 

stomach 

Appendix 

Duodenumi 

Small 

Intestine 

S sain anus 

31 

19 

13 

13 

4 

S equinus 

6 

4 

2 

8 

0 

S fecalis 

9 

2 

0 

2 

0 

S mitis 

3 

1 

1 

1 

1 

S salivarius— S equinus 

1 

1 

0 

0 

0 

Total 

! 

43 

27 

16 

19 

5 


was no change However, from here on there was a diffuse speckling 
of the bowel with purpuric spots These were visible equally well 
from the serosa and mucosa In the midportion of the ileum there 
was an area of hemorrhage into the wall measuring 0 5 cm in diameter 
There were many smaller pinpomt-sized areas scattered diffusely in 
the bowel wall Peyer’s patches were markedly involved, presenting 
diffuse areas of hemorrhage which extended deep into their substance 
There was a diffuse speckling of the cecum just beyond the ileocecal 
valve The appendix mucosa was peppered over with a great number 
of small discrete and confluent hemorrhages which were just beneath 
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the mucosal surface The large bowel and upper rectum showed several 
areas of hemorrhage in the mucosa All of the animals injected with B 
lacUs aei 0 genes and B actdi lacHci showed a similar picture, although 
Rabbit 63 was the only animal which died so rapidly Although micro- 
scopically these hemorrhages were observed either as interstitial or 
more diffuse infiltrations of red cells which replaced tissue, there were, 
nevei tireless, occasionally inflammatory infiltrations 


— Streptococcus Hemolyticus 


Heart 

Joint 

Muscles 

Pen art 

I Endocardium 

Kidney 

TJiymus 

Hemor 

Infllt 

Hemor 

Infllt 

Hemor 

Infllt 

4 

9 

14 

2 

2 

2 

15 

1 

S 

9 

0 

0 

4 

0 

0 

1 

2 

0 

0 

3 

0 

1 

0 

1 

0 

1 

2 

0 

1 

2 

1 

0 i 

0 

0 

1 

1 

0 

1 

1 

0 

0 

0 

0 

4 

1 

0 

2 

2 

0 

0 

3 

2 

Q 

4 

1 

Q 

1 

6 1 

0 

0 

4 

0 

0 

2 

0 

0 

1 

1 

4 

1 

1 

0 

3 

6 

10 

28 

0 

1 

8 1 

83 

8 

4 

24 


— Streptococcus Viridans 


Heart 

Joint 

Muscles 

Periart 

j Endocardium 

Kidney 

1 

Thymus 

Hemor 

Infllt 

Hemor 

Infllt 

1 

Hemor 

Infllt 

4 

B 

1 

5 

0 

4 

1 

13 

i 

6 

1 

6 

9 

1 

BB 

0 

1 

0 

1 

2 

1 

1 

1 

0 

0 

0 

0 

0 

0 

1 

0 , 

0 

1 

0 

0 

0 

0 

0 

0 

1 

2 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

B 

14 


6 

0 

1 

5 

! 

18 

10 

7 

11 


With the streptococci, hemorrhage was a constant feature which was 
more marked with the hemolytic streptococci Here, however, m con- 
tradistinction to the animals treated with capsulated gram-negative 
bacilli, exudative lesions were more apt to occur Although very often 
the latter lesions were not discovered except by microscopic examina- 
tion, they were, nevertheless, very clearly seen m the gross m some 
animals Rabbit 157 was injected with the sediment from 75 c c of a 
twenty-four-hour growth of Streptococcus pyogenes Five days later 
the animal was very sick and was chloroformed and necropsied immedi- 
ately There were yellowish white streaks in most of the skeletal 
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muscles These were obseived as tiny spinales running in the direction 
of the muscle fibers They were compact and no material could be 
squeezed from them On cioss section they were seen as small round 
yellowish dots The same type of nodules were found diffusely scat- 
tered through the heart muscle and kidney There was a pea-sized 
warty nodule of yellow fibrin on the mitral valve which almost closed 
the opening Fading pinkish red areas were found in the mucosa of 
the small intestine and appendix Sti eptococcus pyogenes was isolated 
from the muscle Rabbit 64 was injected with the sediment from 
150 cc of a twenty-four-hour growth of Streptocoecus salwarins 
Two days later the animal died Necropsy was performed at once 
There were blotchy hemoirhages into the skin of the back and sides 
Ciicumscnbed, deeply-colored areas were found in the lungs as well 
as blotchy hemorrhages into the pleura The heart showed some small 
petechiae in the pericardium, with many tiny pinpoint white dots shin- 
ing through Similar small dots could be seen through the endocar- 
dium and on section they were observed as millet-like bulging masses 
on the cut surface They were solid and no material could be squeezed 
from them There was a warty fibrinous deposit on the tricuspid valve 
The stomach showed many fine petechial dots in the mucosa of the 
cardiac end A similar condition was noted in the first part of the 
duodenum and also in the appendix The kidneys showed a very 
marked bright red streaking of their cortexes The intermediate zone 
was deeply congested and irregular in outline There w'ere many tiny 
white dots distributed throughout the cortex and for some distance 
into the medulla These w^ere similar in appearance to the foci observed 
in the heart muscle Stt eptococcus sahvanus was isolated from the 
heart blood and knee joint Although these two animals were injected 
with different members of the streptococcus group, the distribution of 
the lesions was quite similar, save for the muscle, and microscopically 
these foci had much in common These lesions wull be described in 
detail later with special reference to the animals and ones showung 
similar lesions 

One hundred and one animals were injected with streptococci 
Exudative lesions were observed in the heart twenty-four times, in 
the kidney eleven times and in the muscle three times Of the rabbits 
which showed a myocarditis, 13 received S sahvanus and 10 5" hemo- 
lyhcus, including pyogenes, 9, and 6" angmosus, 1 One rabbit was 
treated with 5" eq'iimus The two rabbits injected with staphylococci 
showed abscesses m the myocardium Changes noted m the kidney 
w'ere divided m the following way 6 with 6' sahvanus, 1 with S 
eqmnus and 4 with .S' hemolyticus, including 5' pyogenes, 3, and S 
angmosus, 1 The skeletal muscle lesions were produced twice by 
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5' pyogenes heiuolyticus and once by ^ heniolyticns ‘iiifi'eQ'iiens There 
were two other rabbits which showed exudative muscle lesions, both 
of which were injected with B acxdi lactici However, in gram-stained 
sections, both of these lesions showed gram-positive cocci m the neigh- 
boring vessels Of the animals injected with streptococci, seven showed 
exudative lesions m both the heart and kidney, while one of these 
showed lesions in heart, kidney and muscle The latter animal was 



Fig 4 — ^Animal 64, heart muscle, Streptococcus salivanus, showing embolus 
of COCCI surrounded by large swollen endothelial cells, some of which contained 
phagocyted cocci 


inoculated with 5" pyogenes Of the remaining 6 which showed lesions 
in both heart and kidney, 4 received salivanus, while the other 2 
were moculatetd, respectively, with 6’ angmosus and 6' pyogenes As 
previously stated, the prominent features observed in these animals was 
the occurrence of discrete or confluent hemorrhages The size of the 
doses given caused a rapid death of most of the animals, while the 
remaining members of individual groups were chlorofoimed either at 
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the time or within a day or two for comparison The high percentage 
of hemorrhage observed in our animals corresponds closely to the 
results of Rosenow, who believes such hemorrhages are the fore- 
runners of exudative lesions In our animals the hemorrhages occurred 
m the majority of cases without evidence of inflammatory infiltration 
Small vessels m the vicinity of these areas were frequently found 
plugged with cocci or bacilli, apparently without damage to the vessel 
as far as evidenced by an inflammatory reaction The effect of the 
toxins of the organisms on the capillary walls must be an important 
factor However, from the foregoing evidence the mechanical effect 
of these plugs on the vessel walls must also be a point of first impor- 
tance When the amount of sediment given is considered, the rabbit 
has received a considerable bulk of foreign matter into his vessels, 
which, no doubt, has a decided damaging effect on delicate capillary 
structures, apart from the injury done by the activity of the organisms 
and their toxins We believe, however, that the large doses employed 
caused an overwhelming infection which was evidenced in the mam 
by a fairly constant distribution of hemorrhages in the several parts 
of the animal’s body 

Heait Valves — Thirteen rabbits showed vegetative lesions and m 
two others the valves contained small discrete hemorrhages Deposits 
of fibrin were found on the mitral and on the tricuspid valve, each 
SIX times In one rabbit vegetative lesions weie found on both the 
mitral and tricuspid, while in the last case there was a mural vegetation 
in the right ventricle Eight of these rabbits were injected with green 
streptococci, including 5 mihs, 2, S sahvaiins, 5, and eqnmns and 
salwai ms Two received injections of hemolytic streptococci, 1 S 
pyogenes, and the other 5' infiequens Of the remaining three, two , 
were given straphylococci and the third B acidi lacfici Of the two 
rabbits exhibiting hemorrhage into the valves, the first was inoculated 
with 5" saliva) iiis and the second with S eqnmns 

Endocarditis has been produced by a variety of organisms, and it is 
generally known that the production of the lesion is associated with 
iniection Fulcff was unable to produce an ulcerative or vegetative 
endocarditis by using sterile toxins, even ivhen associated with mechan- 
ical or chemical injury This observation was in accordance with the 
work of Rosenback,® done years before, who said that mechanical 
injury did not of itself produce inflammatory changes in the valves 
So, as Orth® has pointed out, the presence of micro-organisms circu- 
lating in the blood is essential for the production of the condition 

4 Fulci Ziegler’s Beit z path Anat u z allg Path, 1908 44, 349 

5 Rosenhack Arch f exper Path u Pharmakol , 1878, 9, l’ 

6 Orth Virchows Arch f path Anat , 1886, 103 , 300 and 333 
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About this same time Ribbert' succeeded in producing endocarditis by 
injecting emulsions of potato and staphylococci However, since this 
tune many other workers have succeeded in producing endocarditis 
without first causing injury to valves Saltykow" succeeded by using 
cultures of Staphylococcus pyogenes aureus Lissauer” found endocar- 
ditis in two of twenty rabbits which received injections of a coccus 



Fig 5 — Animal 116, kidney, Slreptococcvs equtnus, showing dense inter- 
stitial infiltration of lymphocytes 


like Staphylococcus albus Of the various organisms associated with 
endocarditis, streptococci are the most frequent However, other 
organisms are found often enough to be given worthy consideration 
In forty-three cases of infectious endocarditis, Harbitz^® found 7 strep- 
tococci, 5 pneumococci, 8 staphylococci, 3 not classified and 10 healed 

7 Ribbert Fortschr d Med , 1886, 4, 1 

8 Saltjkow Virchows Arch f path Anat , 1912, 209, 126 

9 Lissauer Centralbl f Path , 1912, 23, 243 

10 Harbitz Deutsch med Wchnschr, 1899, 121. 
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In the human, infectious endocarditis due to stieptococci has been 
described by a number of authors Poynton and Paine^^ concluded 
that the endocarditis m rheumatism is due to the oiganisms of rheu- 
matism, and that the tonsils in rheumatic cases harbor the M'lci ococcus 
')hcumalicus Libman^" has described a type of subacute bacterial 
endocarditis and he and Cellar have described m detail the organism 
associated with this disease Oslei,’® Schottmuller^'* and Horder^® 
have described a similar type of disease Billings'® in a report of 14 
cases of infectious endocaiditis found pneumococcus 11 times and 
streptococci 3 times The findings coincide with the belief of Rosenow, 
who is convinced that the organisms responsible for endocarditis are 
modified pneumococci, which leadily form clumps, thus facilitating 
the production of emboli, ivhich is the primary step in endocarditis 
according to his interpretation Expei imentally, streptococci have been 
employed by many authors for the production of endocarditis in labora- 
tory animals Beattie" produced endocarditis and polyarthritis in 
animals injected with Mici ococcus i heumaticus These observations 
have been substanttiated by the work of Poynton and Paine,'® Cole,'® 
Walker,'® Libman and Cellar,'- and others Horder'® found that strep- 
tococci cultuated from the blood m cases of chionic infectious endo- 
caiditis, as well as allied streptococci cultivated from the throat and 
feces, are prone to produce endocarditis in animals Rosenow found 
that streptococci isolated fiom cases of endocarditis showed a special 
affinity for the endocardium of laboratoiy animals He found that 
animals injected with these organisms gave 84 per cent endocarditis 
as against only 14 per cent m animals inoculated with streptococci from 
other sources Further than this, the disease was always an embolic 
process and was caused by modified pneumoCocci As against these 
results, Henrici-® concluded that streptococcal endocarditis usually 
develops by implantation on the surface of the valve The latter 
author observed no specific difference in the affinities of the various 

11 Poynton and Paine Lancet, London, 1910, 178, 1524 

12 Libman Tr Assn Am Phys , 1910, 25 , S Libman and Cellar Am Jour 
Med Sc , 1910, 140, 516 

13 Osier Brit Med Jour, 1885, 1 , 467, 522, 577 and 607, idem. Practi- 
tioner, London, 1893, 50, 183 

14 Schottmuller Munchen med Wchnschr, 1903, 50, 849 and 909, 1910, 
57, 617 

15 Horder Quart Jour Med , 1908-1909, 2 , 280 

16 Billings The Archives Int Med, 1909, 4, 409 

Jou/ 39°^’^ Research, 1906, 14 , 399, idem, Edinburgh Med 

18 Cole Jour Infect Dis , 1904, 1 , 714 

19 Walker Brit Med Jour, 1907, p 1233 

20 Henrici Jour Infect Dis , 1916, 19, 572 
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classes of streptococci for the heart valves Fox^^ inoculated rabbits 
with a freshly isolated strain from the tonsil of a girl with rheumatism, 
four times in twenty days and found fibrinous mitral endocarditis, 
also myocarditis This author also gave a rabbit eight doses of a 
streptococcus pyogenes from a case of puerperal sepsis and found 
mitral endocarditis as well as myocarditis He concluded that all cases 
of valvular disease have primary myocarditis present at the base of 



Fig 6 — Aiiimal 120, heart muscle, Sti eptococciis sahvanns, arteriole in 
heart muscle showing acute endartentis with puffing of the intima and infiltra- 
tion of endothelial cells, lymphocytes and leukocytes 


the valve, and that this condition leads to an edema of the valve which 
permits of endocarditis 

The lesion observed on the valves of our animals consisted either 
of subendothelial hemorrhages or vegetations Microscopic examina- 
tion of the latter structures showed masses of cocci surrounded by 
fibrin with dense collections of leukocytes and lymphocytes The 
endothelial covering of the valve was missing where the vegetation was 


21 Fox Centralbl f Path , 1913, 24, 529 
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adherent and fibrin and inflammatory cells with red blood cells extended 
into the deeper layeis of the valve In one case a small nodule near 
the edge of the valve closely resembled the lesions observed beneath 
the mural endocardium, which are described under heart muscle 
Aside from the changes described subendocardial hemorrhages were 
found in sixty-eight animals 

Heai t Muscle — In acute rheumatic fever there is a type of myocar- 
ditis which IS considered as specific for infection with the rheumatic 
virus These bodies have been termed Aschofif-Geipel bodies and are 
most commonly noted in the walls of the left ventricle beneath the 
endocardium and pericardium and also frequently about the bases of the 
valves These areas were first described by Aschoff,"^ who found that 
there was a prolifeiation of cells arranged in the form of a fan or 
rosette, making up nodules which occurred near the small or medium 
sized vessels, and often in close relation to the adventitia of these 
vessels The lesions consist of large cells which have one or more poly- 
morphous nuclei and the center of the nodule is faintly staining as if 
composed of necrotic masses of protoplasm Beside the so-called giant 
ceils, the lesions include large and small lymphocytes, with the latter 
more numerous at the periphery These bodies have since been 
described by Wachter,^^ Thorel,-* Coombs,^® Fraenkel,^® Douglas,^'^ 
Low,^® Thalheimer and Rothschild,^® and many others Closely allied 
or similar lesions have been pioduced experimentally by a number 
of workers Bracht and Wachter®® observed submiliary nodules in 
three or four cases giving a rheumatic history imtis was isolated 
from the heart's blood in two of the cases, and when this organism 
was injected into rabbits they failed to find Aschoff bodies in the hearts 
of the rabbits They found, however, a focal myocarditis which con- 
sisted of patchy lymphocytic infiltration They considered these results 
significant, however, in that rabbits inoculated with vS" pyoge7ies showed 
miliary abscesses in the heart muscle Jackson®^ compares the nodules 
produced experimentally with those found in human rheumatic hearts 
This author inoculated rabbits with a hemolytic streptococcus which 
was obtained from a milk borne epidemic of sore throat The myocar- 

22 Aschoff Verhandl d deutsch, path Gesselch , 1904, 8, 46 

23 Wachter Munchen med Wchnschr, 1908, 55, 1101 

24 Thorel Lubarsch Ostertag, 1915, 17, 435 

25 Coombs Jour Path and Bacteriol , 1911, 15 , 490, idem, Lancet, London, 
1909 1 , 1377 

26 Fraenkel Ziegler’s Beit z path Anat u z allg Path , 1912, 52 , 597 

27 Douglas Jour Path and Bact, 1913, 18, 119 

28 Low Ziegler’s Beit z path Anat u z allg Path , 1910, 49 , 1 

29 Thalheimer and Rothschild Jour Exper Med , 1914, 19 , 417, and 444 

30 Bracht and Wachter Deutsch Arch f khn Med , 1909, 96 , 493 

31 Jackson Jour Infect Dis , 1912, 11 , 243, 1913, 12 , 364 
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dium contained small groups of cells which were quite uniformly dis- 
tributed and occupied the space between one or more muscle fibers with 
the long axis parallel to the fibers The most conspicuous cell m these 
areas was large, with large oval or round and sometimes irregular 
nuclei These large cells often contained phagocyted streptococci In 
addition to the larger cells, there were smaller cells with more deeply 
stained nuclei and a small amount of cytoplasm These cells and a few 



Fig 7 — ^Animal 148, skeletal muscle, Streptococcus vifrequenSj showing 
hemorrhage 


leukocytes were irregularly disseminated throughout the area Thal- 
heimer and Rothschild^° injected rabbits with streptococci from epi- 
demic sore throat and had seven animals develop the usual pyogenic 
type of lesions caused by 6" pyogeiies Along with an extensive degen- 
eration and destruction of muscle associated with a leukocytic infiltra- 
tion, mainly polymorphonuclear and great numbers of cocci, there were 
a few fusiform areas resembling somewhat those described by Jackson 
There were no giant cells, however, and no typical Aschoff bodies 
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They base their belief on the fact that the cells were not basophilic 
and that then protoplasm did not stain led with methyl-green pyronin 
These same authors also treated rabbits with S initts and S' rheu- 
maUcns (Poynton and Paine) and found no evidence to indicate that 
the focal myocarditis produced was similar to the submiliary nodules 
of Aschoff In two rabbits inoculated with S’ vuidans, Hartzell and 
Henrici^" found proliferative lesions m the heart m which multmu- 
cleated giant cells were prominent, and which they believed were 
similar to Aschoff-Geipel bodies In a later paper, Henrici“° described 
lesions which in the general appearance of the cells, their basicity, their 
accumulation in fusiform masses between the muscle fibers, or in 
rosettes about the vessels, their fiequent subendocardial position and 
the frequent occurrence of multinucleated giant cells, presented all the 
characteristics of the typical Aschoff-Geipel nodules This author 
also found no difference in the affinity of hemolytic and nonhemolytic 
streptococci for the heart muscle 

The reactions in the heart muscle of our animals varied somewhat 
in that the changes noted did not always consist of the same type of 
cell reaction In some of the specimens leukocytic infiltration formed 
the prominent feature, while in other specimens there was a prolifera- 
tion of large endothelial cells At times these changes were noted inde- 
pendently or in combination in the same specimen Where the leu- 
kocytic infiltration was the mam feature, there was invasion of these 
cells between the muscle fibers, plugging the small capillaries and lymph 
spaces, forming a patchy interstitial inflammation At times the small 
arterioles presented an acute endarteritis with a puffing of the intima 
and an infiltration of inflammatory cells inside of the elastica interna 
When the reaction advanced the bordering muscle cells Avere inA'aded, 
with the formation of multiple small abscesses throughout the heart 
muscle These areas consisted either of dense collections of leukocytes 
or of necrotic masses surrounded by a zone of these cells Areas of 
a light to deep blue granular material were at times seen replacing the 
heart muscle These areas were frequently unattended by an inflam- 
matory reaction and involved irregular sections of the muscle fibers 
These were looked on as areas of calcification, in that a number of 
preparations took the silver nitrate stain Masses of cocci were fre- 
quently found in the center of the foci described above Where 5" 
sahvai ms was used, another type of reaction was the rule In many 
areas lymphocytes were the predominant cell, with a few leukocytes 
scattered throughout, Avhile again small and large mononuclear cells 
were in greater numbers At times rather large cells were arranged 
about the blood vessels and in small nodules beneath the endocardium 


32 Hartzell and Henrici Jour Am Med Assn , 1915, 64, 1055 
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and about the bases of the valves There was also a similar type of 
proliferation which at times took place about the necrotic areas 
Where dumps of cocci occurred m these areas, they were often 
phagocyted by the sui rounding cells These cells were swollen or 
elongated, with deep staining round or iriegular nuclei The proto- 
plasm of these cells was wide, with a maiked tendency to basophilia 
However, many cells had a fairly light protoplasm, with a more dis- 



Fig 8 — Animal 157, skeletal muscle, Sti cptococcns pyogenes, showing an 
exudative lesion consisting of endothelial cells, lymphocj'tes and a few poly- 
morphonuclear leukocytes 


tinctly outlined nucleus, and in these, occasional nucleai figures were 
observed Besides the lesions desciibed, which weie found m the 
rabbits injected with sti eptococci, hemorrhages were observed m 
twelve animals where there were no such lesions The hemorrhages 
were found most commonly within the papillary muscles of the left 
ventricle Table 2 shows the number of animals affected as well 
as the organisms used 
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Joints — Arthritis has been produced experimentally in animals by a 
number of investigators Wassermann®^ isolated a diplococcus which 
he regarded as specific for rheumatism Poynton and Paine^° con- 
firmed this view Beattie^^ found that Mio ococciis i heumaticus caused 
nonpurulent arthritis in 60 per cent of the rabbits, and that these 
organisms differ from ordinary streptococci in this respect Beattie 
and Yates®^ found that ten out of thirty-five strains of 6" viudans 
isolated from various sources produced arthritis in rabbits This was 
observed chiefly m the hind legs Rosenow^ isolated three types of 
streptococci in rheumatism, each of which could be readily converted 
into the other These organisms produced arthritis in a small per- 
centage and endocarditis in a high percentage of animals The results 
of Thalheimer and Rothschild-® are directly opposed to these, in that 
these authors found 50 per cent arthritis and 7 per cent endocarditis 
m animals injected with S' mttis Furthermore, 45 per cent of eleven 
animals injected with S 1 heumaticus had arthrittis These authors 
also found a variation in the abilitty of strains to produce arthritis, 
and concluded that the deduction of a distinct variety of species of 
streptococcus based on the power to cause arthritis in rabbits is 
unwarranted Jackson®^ found no histologic differences in the joints 
of rabbits injected with various streptococci Hennci-® found that 
joint lesions were produced with equal frequency by both hemolytic 
and nonhemolytic strains Schloss and Foster®® used a hemolytic 
streptococcus from a throat and produced an arthritis suggestive of 
rheumatic arthritis These authors asserted that chronic arthritis 
developed after repeated injections of this oiganism Coombs, Miller 
and Kettle®® produced proliferative lesions in the joints of rabbits 
inoculated with 5' i heumaticus Jackson®^ and Koch®" have noted 
similar alterations in rabbits inoculated with a variety of streptococci 
Dick® has twice reported the production of arthritis in rabbits and 
dogs with B lactis aeiogenes This author also found that capsulated 
gram-negative bacilli isolated from the joints of persons suffering 
with rheumatoid arthritis showed a higher degree of affinity for the 
joints in animals The arthritis varied from an acute hemorrhagic 
inflammation to a chronic deforming arthritis In the more chronic 
cases the leukocytes present in the exudate were mostly of the round 
cell type Rosenow has called attention to the frequency with which 
capsulated gram-negative bacilli are found in the joint cavities of 
animals injected experimentally with these organisms 

33 Wassermann Berl klm Wchnschr, 1899, 36, 638 

34 Beattie and Yates Jour Path and Bactenol , 1913, 17, 538 

35 Schloss and Foster Jour Med Research, 1913, 29, 9 

36 Coombs, Miller and Kettle Lancet, London, 1912, 2, 1209 

37 Koch Ztschr f Hyg Infectionskr , 1912, 72, 32l’ 
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Routine examination of the knee joints was conducted in all rabbits 
Sections of the synovial membiane of the joints weie not made Cul- 
tures were made from all cases, and the joint fluid examined in a suffi- 
cient number of animals to determine the character of the exudate 
The joint cavities weie frequently distended with a thick, tuibid, 
mucoid fluid, which, on examination, contained leukocytes, fibrin and 
bacteria In case of infection with capsulated gram-negative bacilli. 



Fig 9 — Animal 157, skeletal muscle, Sti cpfococnts pyogenes, showing 
marked destruction of muscle cells with a more acute reaction 


the joint fluid was frequently very sticky and stiingy In many animals 
the only sign of joint involvement was reddening of the synovial cover- 
ing, or tiny petechiae into this membiane Peiiarticular hemorrhages 
occurred in fifteen rabbits Eight were due to hemolytic streptococci, 
five to 6' viudans, one to Pneumococcus and one to B lacks ae) ogenes 
Hemolytic stieptococci were isolated twenty-five times from the joint 
cavity and vii tdans seven times Fourteen of fifteen animals injected 
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,with capsulated gram-negative bacilli from several sources not includ- 
ing joints showed these organisms m the joints at necropsy B colt 
communts was found four times All of the animals used received 
very large doses and lived only a day or so following the injection 
Consequently, sufficient time had not elapsed for the development of 
varying degrees of reaction We observed these conditions in the acute 
stage, and as a whole, found very little difference in the picture pre- 
sented From these results it would appear that the joint in an over- 
whelming infection is frequently the subject of attack by various 
organisms causing such infections 

Voltinfaty Muscles — Rosenow* isolated streptococci from cases of 
muscular rheumatism in man and was able to reproduce similar lesions 
experimentally in animals by using the particular streptococci Recently 
Henrici has reported the production of lesions in the voluntary muscles 
of rabbits by injecting them intravenously with various strains of 
streptococci 

The lesions observed in the muscles of our rabbits weie of two 
kinds, either interstitial hemoirhages or areas of infiltration and 
necrosis, with, at times, areas of proliferative reaction The fiist type 
was observed usually as small, well defined bright patches of hemor- 
rhage In several instances, however, the hemorrhage was very diffuse 
and in several rabbits involved all the muscles of an extremity In 
the areas of necrosis with exudate, the muscle fibers were fragmented 
and formed hyahne-hke granular bands There was infiltration of 
lymphocytes and leukocytes Avith clumps of cocci in the neighboring 
vessels At times there was an endothehal-like proliferation in the 
spaces between the muscle fibers In one specimen these cells were 
arranged m and out among the muscle fibers in a wavehke or sweeping 
fashion These cells varied m size and shape Some were large, with 
large vesicular nuclei, while others were spindle shaped, with quite deep 
staining nuclei The protoplasm was fairly abundant and moderately 
deeply stained Where the muscle fibers were necrotic the proliferating 
cells were of the multinucleated, giant cell type These muscle cells 
were hyahne-like to pale blue and some were fragmented At times 
calcification was in progress in the necrotic muscle cells In other 
places in this muscle, necrosis of muscle cells was the marked feature, 
with infiltration of leukocytes and the presence of cocci in the area 
The lesions described above were noted m the gross as small spindle- 
shaped foci running in the long axis of the muscle fibers On cioss 
section they were observed as pinhead-sized, quite round, yellowish 
white dots scattered irregularly throughout the muscle In one rabbit 
these areas were found in all of the skeletal muscles and the diaphragm 
These observations resemble very closely those reported by Henrici 
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Of the labbits which showed exudative lesions in the muscles, two 
leceived 6" pyogenes hcmolyticus and one S mfiequens Two other 
rabbits inoculated with B acidt lacUci showed degeneiative necrotic 
areas with maiked hemorihage Fourteen animals showed interstitial 
hemorrhagic lesions Six were inoculated with green streptococci, 
including 5 sahvaiins, 5, and 6” equmus, 1 Four leceived pure cul- 
tures of hemolytic stieptococci, including 5" anginosiis, 1, vS pyogenes, 
2, and S hemolyhcus mfiequens, 1 One labbit was given a mixtuie of 
.S’ pyogenes and .S' sahvai ms, and another S' pyogenes and Pnetimo'- 
coccus The last two labbits were treated with B acidi lacUci 

Kidneys — Several types of nephiitis have been produced experi- 
mentally in animals by the employment of stieptococci Klotz^® used 
the various members of the S vii idans group and found lesions m the 
kidneys similar to those leporled by GaskelP” and Baehi‘° in man 
This author also declaied that the associated inflammatory processes 
of perivascular ariangement found m the heait, liver, joint capsules 
and other tissues suggest a common mode of attack by these stiepto- 
cocci on many tissues Lecount and Jackson^^ and Heniicr” have 
described similai lesions in animals injected with different vaiieties of 
streptococci The lattei authoi found that the lesions weie pioduced 
somewhat moie frequently by hemolytic strains than by 5’ vn idans, 
however, there was not observed any greater tendency of the former 
group to produce miliaiy abscesses 

Of the rabbits among our animals which showed kidney lesions, 
SIX weie injected with S salivanu^, one with .S' equmus and foui 
with hemolytic streptococci, including S' pyogenes, 3, and S' angmosus, 
1 These lesions were observed in the gioss on several occasions as 
small yellowish white dots scattered thiough the cortex Two of 
these animals showed vegetative endocai ditis as well as kidney changes 
One was injected with S’ pyogenes and the other with S' sahvai lus 
Seven rabbits had myocai dial changes as well as kidney lesions Four 
of these animals received doses of S' sahvai lus, two S' pyogenes, and 
the last S’ angmosus 

Several grades of leaction were noted A number of animals 
included in the foiegoing gioup of eleven showed varying degrees of 
hemorrhage into the glomeiuh, tubules and interstitial tissues The 
cells of the glomerulai tufts weie very much swollen, so that the space 
was obliterated at times, while again the injury was so great that 
hemorrhage took place into the capsulai space Where there was 

38 Klot7 Canad Pract and Rev, 1914 

39 Gaskell Jour Path and Bactenol , 1912, 16 , 283 

40 Baehr Jour Exper Med , 1912, 14 , 330 

41 Lecount and Jackson Jour Infect Dis , 1914, 15 , 389 
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hemorrhage into the tubules, the lining cells were in some cases hyaline 
in character, with indistinct nuclei The inflammatory reactions con- 
sisted either of interstitial perivascular infiltration of lymphocytes and 
a few plasma cells, or, as in one case, of the formation of minute 
abscesses in the intermediate zone At times the cells of the perivas- 
cular spaces were swollen and proliferating Still another type of 
reaction showed plugs of cocci in the glomeruli The confines of the 
Bowman’s capsules were still visible, with the cells of the tufts pressed 
against the wall of the capsule, showing several layers where the out- 
lines of the cells were indistinct About the embolus of the cocci, and 
also among the remains of the tufts, there were swollen, proliferating 
endothelial cells Some of these large mononuclear cells contained 
phagocyted cocci The nuclei of these cells were deeply staining and 
the protoplasm abundant Lymphocytes and occasional leukocytes 
were observed in these areas These lesions occurred following the 
injection of 5” vtiidans Concerning the other inflammatory changes 
described, no difference was noted in the relation of hemolytic and 
nonhemolytic streptococci to them 

Thymus — This organ quite frequently showed petechial hemor- 
rhages throughout its structure These lesions were scattered widely 
in the swollen glandlike structure in the form of bright red spots vary- 
ing in size from that of a pinhead to small blotchy patches 

Sections of the thymus showed varying degrees of hemorrhage 
into the lobules of the lymphoid tissue The tiny capillaries were 
engorged and distended with red blood cells and they had often rup- 
tured, allowing the blood to spread widely into the tissue There was 
no inflammatory reaction associated with the hemorrhage In some 
places large endothelial cells were lodged in the lymph spaces with, 
at times, a moderate proliferation of these cells The structure of 
the gland Avas mostly swollen and edematous 

Livej — Examination of the liver of these animals showed the 
presence of an exudative lesion twenty-nine times Ten of these cases 
had been treated with hemolytic streptococci, including S snhactdns, 
5 , S pyogenes, 3 , S' angmosus, 1, and S wi/? equens, 1 Of the remain- 
ing nineteen, sixteen had received strains of S vii idans, among which 
were S sahvmius, 11, S mvtus, 2, S fecalis, 2, and S equinus, 1' 
Two rabbits were injected with cultures of staphylococcus and one 
with B actdt lactici 

Microscopically, the reaction in the liver was observed in its initial 
stages as an accumulation of leukocytes within the sinusoids These 
structures became distended and fibrin threads could be made out 
lying among the inflammatory cells This reaction continued until the 
bordering liver cells were attacked when by extension a fairly well 
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defined area of necrosis was formed The alteration occurred in any 
part of the lobule At times the areas were quite small and scattered 
diffusely here and there They were filled with leukocytes, degener- 
ating liver cells and neuclear debris Occasionally entire lobules were 
involved, with the dilated sinusoids packed with leukocytes and the 
broken liver columns were stained a hemogeneous pinkish red In 
several cases definite infarction occurred within the liver directly 
under the capsule wheie there was marked infiltration of leukocytes 
with the formation of small abscesses Some livers showed an infiltra- 
tion of lymphocytes in the portal system, while again areas of necrosis 
frequently bordered closely on these structures However, the necrosis 
as a rule began with a crowding of the sinusoids by leukocytes and the 
reaction then advanced to destruction of liver tissue In many sections 
the sinusoids were engorged with blood 

The reactions were noted with both hemolytic and nonhemolytic 
streptococci, although more frequently with the latter group How- 
ever, the reactions with the hemolytic streptococci were at times 
more intense 

IClotz and BothwelT^ have called attention to the necrosis found 
in rabbits treated with streptococci and lesions obsei ved in our animals 
closely resemble their descriptions 

Lungs — Seventy-five of the animals showed very congested lungs, 
many of which presented definite circumsciibed hemorrhages scattered 
over the pleura and throughout the tissue 

Sections of the lungs showed chiefly hemorrhage which was chai- 
acterized by leakage of blood into the alveoli This reaction was quite 
extensive in some places, while again it consisted more of blotchy 
patches lying close under the pleura Very often the alveoli were 
distended with granular, pink-staining lymph either lying free or mixed 
with desquamated cells At times the interalveolar capillaries were 
crowded with leukocytes and even formed small foci with evidence of 
necrosis In several sections there was a marked infiltration of 
leukocytes into the intima of small arteries without involvement of the 
media A free media sepaiated the intima from the adventitia, which 
showed a similar reaction Some vessels were plugged by thrombi, 
^ with invasion of the wall by leukocytes and extension into the sur- 
rounding tissue Several times infarcted-like areas weie encountered 
with the bordering reaction consisting of an admixture of leukocytes, 
lymphocytes and large endothelial cells 

The reactions observed in the arteries in the lungs are similar 

to those which have been described by me m the arteries of acute 
meningitis 


42 Klotz and Bothwell Proc Soc Exper Biol and Med , 1914, 11 , 118 
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GENERAL DISCUSSION 

From the studies of a number of authors working with different 
oiganisms we have learned that the lungs, liver and spleen assume an 
impoitant role m combating all types of infection It would appear 
that all animals to a certain degree possess defensive properties against 
invasion of their blood stream and tissues by infecting agents This 
property seems also to be regulated by several factors which influence 
the course of an infection and the ultimate fate of the host The viru- 
lence of the organisms used, the dosage and the variations in the 
natural resistance of animals apparently m identical physical con- 
dition all contribute to irregularities m the course of experimental 
infections We have pointed out elsewhere^^ the marked variations m 
the character of the infections produced m animals treated with the 
same organisms under identical experimental conditions There can 
be but little doubt that natural immunity varies among animals the 
same as among human beings With this fact m view the preciseness 
of interpretation of experimental bacterial infections must necessarily 
be limited Particularly from the work of BulP^ we have learned 
that the body is able to care foi infection of a certain grade beyond 
which, however, the animal usually succumbs This author has found 
that with the injection into rabbits of a quantity of virulent organisms 
sufficient to cause death within two to four days the septicemia takes 
a definite course with slight variations The bacteria rapidly decrease 
in number from the time of injection for two to four hours, at which 
time the blood is sterile or contains only a few bacteria Within five 
or six hours the bacteria reappear m the blood and steadily increase 
until the death of the animal The initial disappearance of the organ- 
isms from the blood is due to the activity of the lungs and liver particu- 
larly, and m these locations the organisms are phagocyted following 
primary agglutination m the blood stream We have noted m our 
experiments that these organs do not go unscathed in their effort to 
rid the blood of the invading organisms, as they quite frequently 
present areas of necrosis in their structures Following this protective 
period the organisms multiply in the blood and vigorously attack the 
less resistant tissues where they grow and produce focal lesions In 
our experiments very large doses of organisms were administered, 
with the result that the natural barriers of the body were overcome 
and a wide dissemination of organisms occurred This widespread 
infection was attended by the development of focal lesions in many 
tissues without evidence of selective localization Even where the 

249, idem, The Archives Int 

Med , 1917, 19 , 709 

44 Bull Jour Exper Med , 1914, 20 , 237 
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same organism as used through several generations and over an 
extended period of time in rabbits there was little tendency for it 
regularly to attack a certain tissue This phase of infection is particu- 
larly well illustrated in our vork on experimental appendicitis where 
certain strains of streptococci were studied to determine selective 
qualities From this we learned that organisms isolated from joints 
presented no tendency to localize exclusively in the joints of other 
intravenously treated animals The same may be said of organisms 
isolated from other organs in respect to their source when injected 
intravenously into rabbits From this it is difficult to conceive that 
different strains of the same organism should possess distinct local- 
izing pover and should vary consistently in their selective action 
Further, the knowledge that we have gamed of the mode of blood 
stream infection does not harmonize with the theory that organs 
exercise a peculiar a\ idity for particular organisms The fate of living 
bacteria after their introduction into the blood stream of normal 
animals has been fairly definitely determined Such organs as the 
lungs, liver and spleen act in the early stages as the protective barriers 
of the body Depending on the dosage and virulence of the organisms 
used, these barriers may be overcome, and it is then that the less resis- 
tant tissues of the body are attacked We cannot support the opinion 
that organisms possess a selective quality for organs, which is of a 
transient nature and disappears after a few days of artificial cultivation 
In our work entitled “Experimental Appendicitis” we studied certain 
strains of streptococci over a period of several weeks and found that 
these organisms still would attack the appendix in one case after 
cultivation on blood agar for thirty-eight da^’^s with but one animal 
passage supervening Another interesting feature which was noted 
consisted in the marked variation with which the different organs were 
attacked, even in animals injected with doses from the same subcul- 
ture, no definite order of ini asion was followed Therefore, organisms 
which produce an appreciable percentage of lesions in organs other 
than those from which they are isolated cannot be listed as a par- 
ticular organ strain 

Regarding the frequency with which the two types of streptococci 
attacked the several tissues, it was found that there were no marked 
differences in the percentages of lesions caused by hemolytic and non- 
hemolytic streptococci m the endocardium, skeletal muscle and peri- 
articular tissues The green streptococci, however, more frequently 
produced vegetative endocarditis, while the hemolytic organisms were 
more commonly associated with subendocardial hemorrhages In regard 
to the skeletal muscles, the hemolytic streptococci produced exudative 
lesions while the green streptococci were found only in connection with 
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hemorrhages Lesions in the heart and kidney were more frequently 
caused by green streptococci, although no great differences were noted 
between the character of this lesion and that produced by hemolytic 
streptococci In the third gioup of animals the percentage of lesions 
was in most cases high, due chiefly to the activity of the capsulated 
gram-negative bacilli A comparison of the percentages in the three 
groups of animals presents evidence that there was a general invasion 
of all the tissues m these animals There is no evidence to support the 
theory of selective localization beyond the view that the tissue forms a 
favorable nidus for the growth of an organism, due either to a peculiar 
susceptibility on its part or to injury during the “protective period” 
which precedes a general infection 

Author’s Note This work was carried out under the direction of Dr John 
A Hartwell, to whom I am much indebted for advice and assistance 
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PRIMARY ATROPHY OF THE PALLIDAL SYSTEM OF 
THE CORPUS STRIATUM 

A CONTRIBUTION TO THE NATURE AND PATHOLOGY OF 
PARALYSIS AGITANS * 

J RAMSAY HUNT, MD 

NEW YORK 
INTRODUCTION 

The nature of paralysis agitans has been an attractive subject for 
investigation ever since the publication of Parkinson’s^ celebrated 
“Essay on the Shaking Palsy” a century ago 

Many strange theories have been advanced and innumerable lesions 
suggested in explanation of the peculiar phenomena of this interesting 
disease But as our knowledge of the pathology and physiology of the 
nervous system has advanced, many hypotheses, at one time popular, 
have been discarded and now have only an historical interest That 
the subject, however, is still shrouded m uncertainty and mystery, may 
be readily determined by a perusal of the more recent descriptions in 
authoritative textbooks of medicine and neurology 

In former years paralysis agitans was described by some authors 
with the functional diseases, while others believed it to be an 
affection of the muscular system It has been held more recently to 
be related to certain of the ductless glands and especial reference has 
been made to the parathyroid glands Many regions of the central 
nervous system have also had their special vogue and were believed to 
be the seat of the essential lesion, and it is not so very long ago that 
pigmentary degeneration of the large motor cells of the spinal cord 
or of the cerebral cortex was regarded with considerable suspicion 
in relation to the etiology of the disease 

Much emphasis has also been placed on the evidences of senile and 
vascular degenerations in the central nervous system of those suffering 
from this affection and a favorite pathologic theory was the peri- 
vascular sclerosis and perivascular gliosis — a not infrequent finding 
in the white matter of the spinal cord of the older cases — a pathologic 
condition, however, which is by no means limited to Parkinson’s 
disease 


* Submitted for publication June 8, 1918 

Presented at a meeting of the Association of American Physicians, 
May 3, 1917 

1 Parkinson, James An Essay on the Shaking Palsy, London, 1817 
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PATHOLOGIC CHANGES IN THE BASAL GANGLIA 

In recent years, pathologic interest has been chiefly centered in the 
large basal ganglia, namely, the corpus striatum and the optic thalamus 
— more especially since the publication of Jelgersma’s” brief report 
of the pathologic findings m this disease Jelgersma noted m a case 
of paralysis agitans distinct evidences of atrophy in the medullary 
radiations of the nucleus lentiformis, a reduction in the size of the 
ansa system — the ansa lenticularis and the ansa peduncularis , together 
with evidences of atrophy in Forel’s field and Hg, as well as 
atrophic changes in the nucleus lateralis thalami, the coipus Luysii and 
the medullary radiations of the substantia reticulaiis He emphasized 
the fact that these atrophic changes in the corpus striatum, the optic 
thalamus and the hypothalamic region were quite evident and unmis- 
takable 

Jelgersma’s pathologic studies were reported only in abstract form, 
and while very brief and incomplete, they served to direct attention 
to this region and blazed the trail for much subsequent pathologic 
investigation 

In the chapter on the “Pathology of Paralysis Agitans,” con- 
tributed to Lewandowsky’s Handbook of Neurology, Lewy® in a dis- 
cussion of these findings, asserts that he has studied serial sections 
of five cases of paralysis agitans and that an essential atrophy of the 
ansa lenticularis and of the lenticular radiations does not occur He 
modifies this opinion, however, by the statement that some diminution 
in the number of fibers in the ansa system is of frequent occurrence, 
and that this is especially well marked in those cases in which there 
are conspicuous vascular changes in the globus palhdus In addition, 
he also notes the existence of atrophic changes in the nucleus basalis 
of Meynert, the nucleus lateralis of the thalamus and the nucleus 
paraventriculans thalami 

In a later contribution to the pathologic anatomy of paralysis 
agitans, Lewy^ states on the basis of a very extensive histopathologic 
study of the disease that the essential lesions are localized in the 
lenticular nucleus, the nucleus of the ansa peduncularis, and the sym- 
pathetic vagus nucleus of the medulla , that in typical cases there is a 
marked increase of the glia elements ivith degeneration of the ganglion 
cells, especially of the putamen, less of the globus palhdus, and that 
many of the ganglion cells show distinct senile fibrillary changes He 

2 Jelgersma Neu Anat Befunde bei Paralysis Agitans und bei chronischen 
Chorea, Neurol Centralbl , 1908, 27, 995 

1019 0 ^ 0 ^’ ^ ^ Paralysis Agitans, Lewandowsky’s Handbuch d Neurol, 

iq 4 ^ Paralysis Agitans, Neurol Centralbl, 

lyivj 1305 
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doses with the statement that these pathologic changes are essentially 
senile in charactei and is at loss to explain the occurrence of the 
juvenile types of the disease 

Manschot/ in an investigation of paralysis agitans, also found a 
diminution in the numbei of the ganglion cells and fibers of the optic 
thalamus, especially of the nucleus lateiahs, as well as atrophic changes 
in the putamen of the lenticulai nucleus and in the regio subthalamica 

Quite recently, Auer and McGouch“ have reported the pathologic 
findings 111 two cases of paralysis agitans In both cases the corpus 
striatum contained numeious small aieas of laref action, giving the 
tissue a somewhat moth-eaten appeal ance Many of these spaces 
contained blood vessels and were quite evidently enlarged perivascular 
spaces This etat cnble was most marked in the lenticular nucleus, 
but was also present m the optic thalamus, the caudate nucleus, the 
internal and external capsule and in the corpus subthalamicum of 
Luys These observers also noted a reduction of the external medul- 
lary layer and the radial fibers of the globus pallidus and m one of the 
cases there was maiked degeneration of cells of the centrum medium of 
the thalamus and the coipus subthalamicum They state that the cells 
of the coipus striatum did not stain well, which may have been due to 
the age of the material 

It is, therefoie, very apparent fiom this brief review of the more 
recent literature that certain definite pathologic alterations m the 
basal ganglia are faiily constant, that vascular and atrophic changes 
are demonstrable in both the optic thalamus and the coipus striatum, 
and that no definite concrete conception as to the nature or pathology 
of the disease has as yet been offeied 

ANATOMIC CONSIDERATIONS 

The corpus striatum in man is divided by the passage of the internal 
capsule into two structures, the caudate nucleus and the lenticular 
nucleus The nucleus lentiformis is still further subdivided into an 
external segment, the putamen, and an internal segment, which is 
termed the globus pallidus These anatomic divisions are purely topo- 
graphical and are based on the gross appearance of the cells and fiber 
systems which constitute the ganglion 

Histologically, the putamen is identical in stiucture with the cau- 
date nucleus, and these two structures constitute the neostriatum of 
comparative anatomy Both have the same origin and histologic 

5 Manschot Paralysis Agitans, Amsterdam, 1904, F van Rossen 

6 Auer and McGoudi Pathological Findings in Two Cases of Paralysis 
Agitans, Jour Nerv and Alent Dis, 1916, 43, 532 
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characteristics, the caudate nucleus being simply split off from the 
putamen by the passage of capsular fibers 

The globus pallidus is older phylogenetically than the caudate 
nucleus and putamen (neostuahiiu) and is for this reason sometimes 
termed the paleostuatum It consists of two segments, an external 
and an internal, the segmental appearance being produced by the 
massing of nerve fibers in the lateral and mesial medullary laminae 



Fig 1 — Showing normal cell types of the caudate nucleus and putamen 
(neostriatum) Nissl stain A, large motor cell of globus pallidus type (pal- 
lidal cells) , B, small ganglion cells of the neostriatum (neostriatal cells) 


CELL TYPES OP THE CORPUS STRIATUM 

From the standpoint of pathologic physiology, a much greatei 
importance is to be attached to the vaiious cellular types of this region 
than to the mere gross anatomic appearance and subdivisions (Fig 1) 
The neostriatum, that is, the caudate nucleus and putamen, is com- 
posed of two separate and distinct types of cells, a small cell type and 
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a laige cell type The smaller type of ganglion cell is of pyramidal or 
polygonal form, and give to the neostriatum a characteristic histologic 
picture Scattered among these smaller cells which are very numer- 
ous, are ganglion cells of much larger size, of multipolar form, con- 
taining a large nucleus, Nissl granules, and quite frequently a deposit 
of yellow pigment These giant cells of the neostriatum aie histologi- 
cally of the motor type and may be regarded as the homologues m the 
corpus striatum of the cells of Betz m the rolandic area of the motor 

cortex 

The globus palhdus (paleostriatum) contains aggregations of 
ganglion cells which are also of the motor type These cells are of 



Fig 2 — The caudate nucleus (hematoxylin-eosin) Juvenile paralysis agitans 
of twenty-five years’ duration Note atrophy of the large motor cells (A) of 
globus palhdus type (pallidal cells) The small ganglion cells are well pre- 
served, there is moderate increase of glia cells 

pyramidal and multipolar form, contain a large vesiculai nucleus, 
Nissl granules and frequently clumps of yellow pigment They are 
of the same cellular type as aie the giant motor cells of the neo- 
striatum and I believe possess a similar function The corpus striatum 
IS therefore composed of two distinct cellular types, namely, those of 
the large cell or motor type which is pi esent in both the globus palhdus 
(paleostriatum) and the caudate nucleus and putamen (neostiiatum), 
and a small cell type which is present only in the neostriatum 

The large motor cells of globn-s palhdus type possess long axis 
cylinder processes and belong to Type I of Golgi’s classification These 
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fibers course m the ansa lenticulans and ansa pedunculans terminat- 
ing in the optic thalamus and hypothalamic legion This motor system 
I Avould teim the effoent pallidal system of the corpus striatum, and 
the seat of the essential lesion m paralysis agitans 

The small cells of the neostriatum, on the other hand, have short 
axis cylinders and belong to Type II of Golgi’s classification They 
teiminate in the external and internal segments of the globus pallidus 
This is apparently a short association system which unites the caudate 
nucleus and the putamen to the globus pallidus It is according to my 
conception merely an inhibitory and association system for the corpus 
striatum This short neosUiatal system undergoes atrophy m Hun- 
tington’s chorea and is the essential lesion underlying the choreiform 
manifestation of this disease (Hunt') 

Two fundamental forms of motor disturbances are therefore refer- 
able to the cellular systems of the corpus stiiatum Atrophy of the 
small cell or neosti latal system is followed by chorea of the Huntington 
type, while atrophy of the laige cell or efferent pallidal system gives 
rise to the characteiistic symptomatology of paralysis agitans 


PRIMARY ATROPHY OP THE PALLIDAL SYSTEM 


In a previous monograph,^ I have considered at some length the 
functions of the coipus striatum m a discussion of the pathology of 
juvenile paralysis agitans and its relation to the efferent pallidal system 
of the coipus striatum 

In the case which formed the basis of this study the disease made 
its appearance in the fifteenth year, death supervening at the age of 40 
The duration of the affection was therefore twenty-five years Exam- 
ination of the central nervous system levealed evidences of chronic 
cellular atrophy with considerable diminution m number of the large 
motor cells of the corpus striatum The cellular atrophy was strictl)’’ 
limited to a definite system of cells, namely, those of the motor or 
globus pallidus type, while the smaller ganglia cells of the corpus 
stiiatum weie unaffected I therefore regarded the juvenile paralysis 
agitans as a motor system disease, the lesion being limited to the 
efferent projection system of the corpus striatum (Fig 2) 

In addition to the cellular changes there were also evidences of 
atrophy in the course of the stno-hypothalamic radiations — the ansa 
system showing definite evidences of thinning The theory was 
advanced that the corpus striatum contained an important motor sys- 
tem which was termed the pallidal system, which through its con- 


7 Hunt T Ramsay Progressive Atrophy of the Globus Pallidus (Primary 
Atrophy of the Pallidal System) A Contribution to the Functions of the 
Corpus Striatum, Brain, 1917, 40, 58 
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nection with impoitant nuclei in the hypothalamic region, namely, the 
nucleus ruber, the corpus subthalamicum and the substantia nigra 
controlled and regulated the extra pyramidal motor system of the 
spinal cord, namely, the rubrospinal and other descending motor 
tracts 

THE NATURE OF JUVENILE PARALYSIS AGITANS 

The juvenile type of paralysis agitans was therefore regarded as 
a pure system disease, a neuronal abiotJ ophy, and the suggestion was 
made that it be distinguished from other types of the Parkinson 
syndrome as puiumy atiopliy of the pallidal system It was believed 
to be another evidence of the vulnerability of motor neurons, corie- 
sponding in this domain to primary lateral sclerosis and progressive 
muscular atrophy, as encountered in corticospinal motor neurons 

The opinion was also expressed that Parkinson’s disease is not a 
disease sm geiiei is, but a syndrome, and that a variety of pathologic 
conditions may underly tlie symptomatology, for example, a primary 
atrophy or system disease, senile atrophy, vascular and inflammatory 
lesions, syphilis, tumors, etc 

Evidence was also presented for regarding the corpus striatum 
and the striospinal system as a mechanism for the control and regula- 
tion of automatic and associated movements in contradistinction to the 
corticospinal system which controls and regulates the higher cortical 
motor activities, that is, isolated and dissociated movements 

Paralysis agitans was therefore regarded as one of the fundamental 
types of central palsy characterized by paralysis of automatic and 
associated movements, rigidity and tremor It was held that there 
are two types of central palsy, a spastic paialysis characterized by 
paralysis of isolated and discriminative movements, associated with 
spasticity of the musculature and referable to lesions of the pyramidal 
system, and a paialysis agitans, distinguished by a paralysis of auto- 
matic and associated movements, rigidity and tremor, and referable 
to lesions of the pallidal system 

In the present study this question receives further consideration 
and confirmation In two cases of paralysis agitans of the presenile 
type characteristic atrophic changes were demonstrable in the large 
motor cells of the corpus striatum and in the strio-hypothalamic radia- 
tions (ansa lenticularis and ansa peduncularis) which I have termed 
the efferent pallidal system of the corpus striatum 


REPORT OF CASES 


Case 1 Summajy—K man, aged 56, had presented typical symptoms of 
paralysis agitans for seven years prior to his death There was general weak- 
ness and rigidity, rhythmical tremors of the extremities, face and tongue, 
t e parkinsonian mask and the posture, attitude and gait typical of the disease 
Death ensued from infection of the genito-urinary tract and lobular pneumonia 
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Histologic Study The central nervous system showed atrophic changes in 
the large motor cells of the neostriatum (giant cells of the caudate nucleus and 
putamen) with slight reduction of the medullary network of the globus palhdus 
and thinning of the strio-hypothalamic radiation — the ansa system of the 
corpus striatum 

Clinical Diagnosis Paralysis agitans 

Pathologic Diagnosis Primary atrophy of the pallidal system of the corpus 
striatum 

History — The patient, aged 53, was for manj years a watchmaker For 
fifteen years prior to admission he had been employed in the custom house 
service He was admitted to the Montefiore Home and Hospital, Sept 30, 1911, 
and gave the following account of his illness 

Family Histoiy — This was negative Both parents were said to have died 
of old age, the mother suffering in the later j’ears of her life from diabetes 
and asthmatic seizures Five brothers were living and in good health 

Peisonal Histoiy — He had measles and scarlet fever in childhood and typhoid 
fever in his twenty-seventh year Eight years ago he developed symptoms 
of pulmonarj' tuberculosis with fever, night sweats, cough, loss of weight 
and hemoptysis At the end of a year these symptoms abated and he had 
apparently regained his previous health and strength He had always been 
moderate m the use of alcohol and tobacco With the exception of a mild 
attack of gonorrhea at the age of 45 he had been free from venereal disease 
There was no history of injury He married at the age of 26, and his wife 
bore three healthy children She died six years after marriage during con- 
finement Subsequently he remarried and had two healthy children There 
were no miscarriages in either marriage 

Piescnt Illness — Three years before admission he experienced a peculiar 
weakness and stiffness of the right hand which came on gradually and inter- 
fered with proper movements of the extremities This was soon followed by 
a rhythmical tremor of the hand and fingers Later a similar tremor made its 
appearance in the left hand with some tremor of the head Subsequently his 
legs became stiff and weak and the gait slow and difficult There was also 
a tendency for the walk to develop into a more rapid pace and he was obliged 
to stop suddenly to avoid pitching forward (propulsion) The condition pro- 
gressed slowl}’’ and was followed two years later by a feeling of general stiff- 
ness and rigidity and a constant rhythmical tremor About this time the 
articulation also became affected and his speech was tremulous and indistinct 
He complained of no general cerebral symptoms and has been free from 
headaches and vertigo His memory is good and sleep is undisturbed The 
course of the disease has been slowlj and steadily progressive, without pain 
or parasthesias and consists essentially of weakness and tremor which affects 
the speech and the movements of the trunk, arms and legs, more especial^' 
on the right side He does not complain of heat sensations or excessive 
perspiration There is some drooling of saliva from the mouth at night 
Occasionally there is dysuria and at times a purulent discharge from the urethra 
Physical Examination — This was made in October, 1911 The patient was 
well nourished and presented no skeletal deformities He stood stiffly with 
the head and back somewhat bent There was considerable stiffness in the 
movements of the trunk The face was expressionless and masklike The 
musculature was stiff and passive movements showed a waxlike rigidity, the 
contour of the muscles stood out quite clearly Nearly all movements were 
performed slowly and with difficulty The gait was slow and shuffling, the 
steps short with a tendency to slouch and drag the legs When told to walk 
rapidly the movements became accelerated and propulsion developed There 
were evidences of tremor in all four extremities The arms were more 
tremulous than the legs and the right side was more affected than the left 
The tremor was especially well-marked in the hands and fingers and in the 
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right hand the posture and the tremor suggested the typical pill rolling move- 
ment of paralysis agitans 

The tremor was slow and rhythmical, about three oscillations to the second 
The amplitude of the tremor was not very marked and it continued steadily 
during rest It varied occasionally m intensity Usually an active movement 
of the extremities caused some diminution or even cessation of the tremor 
It therefore lacked the quality of an intention tremor The tremor sometimes 
increased during action, but always diminished on fixation as when the index 
finger is applied to the tip of the nose There was also a slight rhythmical 
tremor of the bps and tongue The facial innervation was not so strong on 
the right side which coincides with the greater involvement of the right arm 
and leg The tongue was protruded in the median line and was tremulous 
There was some tendency to drooling of saliva The speech was very slow and 
drawling The ocular excursions were normal, and there was no tremor of 
the ocular muscles The eyelids were slightly tremulous The palatal inner- 
vation was normal and a laryngologic examination conducted by Dr Wolf 



Fig 3 (Case 1) — Presenile paralysis agitans Vertical section through the 
anterior portion of the corpus striatum (Weigert-Pal stain) Note diminution 
of the fiber network of the globus pallidus proper, the internal capsule is well 
preserved 

Freudcnthal, the consulting laryngologist, showed normal conditions, there 
was no tremor of the vocal cords The tendon reflexes of the upper and 
lower extremities were present and moderately active There was no ankle 
clonus and the plantar reflex was of the normal type (no Babinski sign) The 
pupils were equal and reacted promptly to light and accommodation The 
sensations, both superficial and deep, were normal The outlines of the heart 
were normal and there were no murmurs The radial pulses were equal, 
regular and of good quality The chest was well developed, symmetrical, with 
good expansion Percussion showed some dulness over the left apex The 
breath sounds were wheezing and increased over both apices The prostate 
gland was hypertrophied and there was residual urine of about 10 ounces 
Note ^The clinical picture presented was typical of paralysis agitans The 
patient remained in the Montefiore Home up to the time of his death m May, 
1^15, his condition gradually growing worse The Wassermann test of the 
blood was negative In November, 1914, he developed dysuria with some 
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purulent discharge from the urethra April 1, 1915, a testicular tumor devel- 
oped on the right side, which was firm and tender and about the size of a 

small egg Dr Hauswirth, who examined the patient at this time, found that 
the enlargement was confined to the epididymis The inguinal glands were 
enlarged on both sides, more so on the right Systolic blood pressure, 115, 

diastolic, 85 Later the patient was unable to pass urine and catheterization 

became necessarj'^ 

April 24, 1915, the right side of the scrotum was incised and 2 ounces of 
pus evacuated The mine contained albumin, numerous pus and blood cells 
Examination of the blood showed a well marked leukocytosis During the 
SIX weeks prior to his death there was irregular fever wdiich reached 106 F 
ten days before death 

Rcpoit of Nccjopsy and Pathologic Findings — The necropsj was per- 
formed seventeen hours after death by Dr A B Lambert, pathologist to 
the Montefiore Home and Hospital (Necropsy notes made by Dr Lambert ) 

Body That of a man measuring 158 cm in length, nutrition fair, rigidity 
present, postmortem hypostasis over dependent parts, moderate edema of feet 
and legs, no skin lesions present, no body deformities In the skin of the 
scrotum on the right side there is a linear scar about 3 cm in length to which 
the testis beneath is adlierent The right testis is considerably enlarged and 
hard— the left appears to be slightly so The pupils are moderately contracted 
The majority of the upper teeth, especially on the right side are absent, and 
the remainder poorly preserved The mucosa of the mouth and eyelids is pale 

Abdomen There is no exudate in the peritoneal cavity, the peritoneum 
IS everywhere smooth and glistening The mesenteric lymph nodes are in places 
slightly enlarged The liver projects about ZYs cm below the costal margin 
in the right mammary line, its lower border shows a tendency to be rounded 
The appendix is quite small, is twisted upward behind the cecum, and mea- 
suies about 5 cm in length The diaphragm extends to the fourth rib on the 
right side and fifth rib on the left side 

Thorax The thymus is replaced largely by fat, both pleural cavities are 
free from fluid , both lungs are free except in the region of their apices, 
where they are tightly bound b}' old adhesions The pericardial cavitj con- 
tains a slight excess of clear fluid , the pericardial surface is smooth and 
shiny There is a slight excess of epicardial fat 

Heart The heart weighs 350 gm , the right auricle contains only a post- 
mortem clot The epicardium is everywhere smooth and shiny, the tricuspid 
opening admits the tips of three fingers, and measures in circumference about 
11% cm The cusps are quite delicate The right ventricular wall measures 
3 to 5 mm Over the apex the muscle is replaced in considerable part by 
fat The musculature is rather pale The pulmonary opening measures about 
7 cm The cusps are quite delicate The left auricle is normal The mitral valve 
easily admits the tips of two fingers and measures about 11 cm in circumfer- 
ence, Its cusps are not thickened, although near the area of attachment there are 
a few yellow opacities which are distinctly seen on the ventricular surface The 
left ventricle appears to be slightly dilated, its wall measures about 1 cm in 
thickness The musculature m places has a distinctly grayish yellow cast, 
and the fibers look a little coarse The aortic opening measures 8 cm in 
circumference, its cusps are practically normal, as is also the first portion 
of the aorta The coronary vessels are practically free from atheroma 

Lungs The right lung weighs 600 gm The periphery is everywhere 
smooth and free from exudate, except the apex, where there are some old 
fibrous tags, and there are numerous depressed scarred areas, which on 
palpation are firm and nodular The greater part of the upper and middle 
lobe IS air containing, and moderately collapsed The lower lobe is much 
more voluminous, and its lower and posterior parts, while crepitant, are some- 
what meaty ’ on palpation Section through the upper lobe shows in region 
of the depressed areas many irregular, pigmented fibrous areas, and in addi- 
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tion a number of small gray nodules — evidently tubercles Section through 
the remainder of the upper lobe and the median lobe shows dry, relatively 
nonpigmented air-containing lung tissue The lower lobe, however, presents 
on section a bright red color Some fluid and considerable blood exudes from 
the cut surfaces There are some areas indefinitely outlined somewhat darker 
than the rest which suggest pneumonic consolidation, but they are not sharply 
circumscribed The left lung weighs 450 gm Superficially it is similar to 
the right There are the same old tuberculous lesions in the apex The lower 
lobe posteriorly is likewise heavy, filled with blood and a few distinct patches 
of lobular pneumonia can be made out 

Liver The liver weighs 1,875 gm Both lobes of the liver are decidedly 
enlarged The lower surface is distinctly rounded, especially the left lobe The 
surface is smooth The color is finely mottled, just beneath the capsule in 
the upper part of the right lobe there is seen a grayish yellow nodule which 
on section measures about 2 mm in diameter, evidently a calcifying thrombus 
in superficial vein On cut section the lobulation is fairly distinct, the lobes 



Fig 4 (Case 1) — Vertical section through the middle of corpus striatum, 
showing thinning of the ansa lenticularis and diminution of fiber network of 
the external segment of the globus palhdus 

are of uniform size with reddish centers and slightly paler periphery The 
gallbladder is filled with bile, its wall is thin, it contains no stones 

Spleen The spleen weighs 220 gm It contains two deep notches on its 
upper border, it is firm, its capsule is not thickened On section the lymphoid 
tissue IS abundant and rather prominent The trabeculae are not thickened 
Kidneys The right kidney weighs 150 gm and is of about normal size, 
measuring about 11 by 6 by 2% cm On removing the capsule a smooth sur- 
face IS disclosed in which the vessels are decidedly injected On section the 
cortex IS seen to measure about 7 mm The glomeruli are easily visible, the 
markings are regular In one of the pyramids a small grayish yellow focus 
is seen, about 2 mm in diameter — evidently an abscess The pelvis is dilated, 
its mucosa is thickened, the vessels decidedly injected, and occasional hem- 
orrhages are seen The ureter cusp m its lower portion shows less marked 
evidence of inflammation The left kidney weighs 200 gm and is much 
enlarged , its capsule is easily removed The surface is of a deep red hue On 
section a quantity of blood exudes from the cut surfaces, the cortex mea- 
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sures about 8 mm in thickness, the markings are normal Occasional gray 
yellow foci are seen in the pyramids The pelvis is somewhat dilated The 
ureter is dilated, and its mucosa presents the same appearance as that of 
the pelvis of the kidney 

Bladder The tissues around the bladder arc extremely edematous, the 
bladder itself is distended with very foul, purulent urine, its wall is greatly 
thickened, measuring 1 5 cm in most places The crests of the mucosa are 
of a reddish black color, showing in places grayish exudate In general, 
however, there appear to be no ulcerations The vessels are all greatly injected 
There are a number of small crypts and diverticula present in all parts of 
the bladder Between the folds of the mucosa the inflammatory condition is 
less marked, the mucosa being edematous but not particularly injected, and 
showing no definite exudate 

Prostate The prostate is enormously enlarged, measuring roughly 3Vz 
cm anteropostenor diameter The enlargement is uniform No definite 
abscesses are seen, but from the seminal vessels a purulent fluid can be 
expressed The right testis, except for some increase in consistence, appears 
normal The right epididymis, however, is greatly indurated, and shows a 
number of purulent foci The wall of the vas deferens is considerably thick- 
ened The left testis and epididymis are similar to the right, though the 
changes in the epididymis are less marked 

The esophagus is normal The stomach shows postmortem digestion The 
intestines, pancreas, larynx, trachea and thjroid are normal 
Parathyroids These were removed for microscopic studj 
Aorta Shows a few early atheromatous changes throughout its entire 
extent The iliacs show a striking longitudinal wrinkling 

Brain The brain weighs 1,260 gm The skull is normal, the meninges 
are normal, slight edema of the pia arachnoid There is a marked arterio- 
sclerosis of the basilar vessels of the circle of Wilhs The brain and cord 
were placed in formalin and preserved for microscopic study 

Histologic Study of the Clauds and Visccia — (Dr Lambert) Heart In 
places the muscle fibers are quite large There are occasional small scars 
Lungs Section 1 — There are patches of confluent lobular pneumonia In 
the exudate there are many red blood vessels and much pink staining coagu- 
lated fluid The bronchi are filled with pus Section 2 — This includes a large 
nodule made up of old pigmented scarred tissue in which a number of fresh 
tubercles are seen and occasional lymphoid nodules The tubercles all show 
large giant cells , in at least one of the giant cells there is one of the curi- 
ous star-shaped glassy structures such as have been described by Wolbach, 
Wood and others (Proc New York Path Soc, May, 1915) 

Kidneys The parenchyma is practically normal The pelvic fat is increased 
in amount The submucosa of the pelvis is thickened and infiltrated with 
leukocytes, and contains nests of epithelium, probably representing new growths 
from the mucosa (crystitis cystica?) No exudate on the surface is seen 

Liver The cells around the efferent vein contain a considerable quantity 
of yellowish-brown pigment There is a slight increase of connective tissue 
about the portal vessels 

Bladder There is a marked hypertrophied muscular element The mucosa 
IS much thickened Its epithelial covering is gone, leaving a very vascular 
hemorrhagic ulcerated surface There is a great infiltration of the mucosa 
by wandering cells of all types 

Ureter The wall seems thickened, but there is no evidence of an acute 
inflammatory reaction , 

Seminal \ esicles The connective tissue and nuclear elements are greatly 
increased There is a slight infiltration by wandering cells, especially eosino- 
phils There is a marked papillary growth from the mucosa of the ducts The 
papillae and polypoid masses are composed of cellular connective tissue and 
are covered by cuboidal or flattened epithelium 
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Vas Deferens The wall is enormously thickened, and shows chronic 
inflammatory changes 

Prostate The parenchyma is rather abundant Many of the follicles are 
dilated and contain a lot of necrotic epithelium and pink staining fibrinous 
material Other glands show a papillary hyperplasia of the lining cells There 
IS very little in the way of inflammatory reaction 

Testis and Epididymis There is a great increase of connective tissue 
stroma of the epididymis There is also a diffuse fibrosis of the testis, and 
the tubules are small and atrophic looking— resembling more those of the 
kidney than normal testis The larger blood vessels show thickened walls 

Hypopliysis The glandular portion is normal The pars nervosa contains 
a number of pigment containing cells The pigment is in the form of small 
uniform hyaline granules 

Skeletal Muscles (Biceps) The muscle fibers are small, and the sarco- 
nuclei increased in number Occasional encysted trichinae are seen The 
capsule IS a pink staining, hyaline, laminating material In the parasites fine 
particles of lime arc deposited 



Fig 5 (Case 1) — ^Vertical section through the optic thalamus and corpus 
Luysii, showing thinning of the strio-hypothalamic radiations 

Thymus The thymus is made up chiefly of connective tissue and fat 
separating islands of thymic tissue In these islands there are occasional small 
cysts containing necrotic pink staining material 
The parathyroids revealed no pathologic changes 

Micfoscopic Exo-iHiualion of the Centvcil Ncivous System — Sections were 
made from the cerebral cortex, the cerebellum, pons, medulla oblongata and 
spinal cord The basal ganglia were cut in serial section and stained with 
toluidm blue, hcmatoxylin-cosin and by the Wcigert-Pal method 

Spinal Cord Sections of the cord show no essential changes The anterior 
horn cells are well formed, presenting a normal tigroid appearance, a well 
formed nucleus and nucleolus and well developed processes There are no 
pathologic alterations of the Nissl granules, and no excess of pigment Rarely 
a s^ewhat shrunken cell is observed, but these are quite isolated and infrequent 
Ihcre IS no thickening of the meninges and the blood vessels are free from 
thrombi or noteworthy arteriosclerotic changes There is no perivascular scle- 
rosis, or ghosis There is a considerable deposit of corpora amylacea in the 
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region of the posterior columns and posterior horns Weigert-Pal sections 
show no evidences of tract degeneration There are no signs of sclerosis m 
the areas occupied by the direct and crossed pyramidal tracts 

Medulla The nuclei and nerve tracts are normal in appearance, and show 
no signs of degeneration or atrophy 

The pons varohi is also normal The fillet, pyramidal tracts, the posterior 
longitudinal fasiculus and peduncles are normal 

Cerebellum Sections of the cerebellar cortex including the dentate nucleus 
are normal The cellular layers of the cerebellar cortex including the large 
cells of Purkinje are well preserved and of normal appearance 

Cerebral Cortex Sections from the frontal, rolandic and occipital areas 
show no essential lesions The cellular lajers and medullarj radiations pre- 
sent a normal appearance and especially noteworthy is the preservation of the 
large pyramidal cells of the motor area The cells of Betz are preserved 
and show no evidences of atrophj' Occasional atrophic cells are noted in 
the cortex, more especially in the frontal region, but these are isolated and 
comparatively infrequent The meninges are normal and the blood vessels 
show moderate thickening of their walls 

The basal ganglia were sectioned in serial slices, some of these were cut 
in thin sections (10 micions) and stained by various cellular methods, the 
remainder were treated by the Weigert-Pal method This permitted a fairly 
complete survej’- of the various structures and levels of the corpus striatum 
and of the optic thalamus for both cellular changes and tract degeneration 
(The serial sections of the basal ganglia were prepared in the New York 
Psychiatric Institute under the direction of Dr Charles B Dunlap ) 

Caudate Nucleus and Putamen The large ganglion cells of the globus 
palhdus type (giant cells) which are scattered through the neostriatum show 
well marked atrophic changes in the head, body and tail of the caudate nucleus 
and the putamen They are apparently not reduced in number Generally 
speaking, these atrophic changes are more marked in the anterior portions 
of the striatum The giant cells are considerably shrunken and reduced in 
size, the nucleus is absent or displaced laterally, very much contracted, pre- 
senting a shrunken, shrivelled appearance The processes of the cells are 
often fragmented or atrophic and of cork-screw or twisted configuration Many 
of the cells contain an excess of coarse yellow pigment granules, and not infre- 
quently the pericellular and perivascular spaces in this region are observed to 
contain detritus consisting of granules of a yellowish lipoid material 

The small ganglion cells of the caudate nucleus and putamen are normal 
in number and appearance and the evidences of cellular atrophy are there- 
fore limited to the large motor cells of the globus palhdus type, namely, the 
giant cells of the neostriatum There is no distinct increase of glia elements, 
although the pericellular spaces of atrophic cells sometimes contain small 
groups of parasite gha nuclei 

The atrophy of the ganglion cells in the caudate nucleus and putamen is 
therefore a selective one, limited to a single and definite cellular type, namely, 
those of so-called globus palhdus type These cells have the structure and 
appearance of motor cells and are not unlike those of the rolandic area of 
the cerebral cortex and the anterior horns of the spinal cord 

Globus Palhdus The ganglion cells of the globus palhdus proper (paleo- 
striatum) are not reduced in number and are not definitely atrophic, many 
however, appear reduced in size and present a rounded or somewhat angular 
appearance The nucleus and nucleolus are preserved but frequently appear 
smaller than normal, and the Nissl granules are often absent or not sharply 
defined, the protoplasm appearing homogeneous and of a somewhat hyaline 
appearance Many of these cells contain a considerable amount of yellow 
pigment 

The blood vessels of the corpus striatum and especially of the globus pal- 
hdus show some arterioscleiotic changes with thickening of the vessel walls. 
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more particularly of the media There are no thrombotic occlusions, and no 
areas of softening or hemorihage are noted Many of the perivascular spaces 
contained clumps of yellowish and dark granular pigment and in the globus 
palhdus these are somewhat dilated The dilatation of the perivascular spaces 
in the more anterior portions of the globus palhdus producing a slightly 
cribriform appearance (etat otble) 

The ganglion cells of the co}pns Lnysn, nucleus niber, and the siibstanha 
mgii appear normal in the specimens examined, except for an occasional 
isolated atrophic cell 

The optic thalamus shows no evidences of cellular changes or atrophy 
except for an occasional atrophic cell which stands out sharply from the 
normal cell groups The cells of the nucleus rntci nus, micleus medmhs, nucleus 
latciahs and the nucleus anteuus are normal in appearance and number 

The blood vessels of the thalamic region show arteriosclerotic changes with 
thickening of the vessel walls and occasionally a dilated perivascular space 
There are, however, no evidences of thrombosis, hemorrhage or softening 

Basal Ganglia (Weigert-Pal method) [Figs 3, 4 and 5 ] The general 
topography and medullary markings of the corpus striatum are well-preserved 
There are no evidences of gross vascular lesions The small pencil-like medul- 
lary bundles of the caudate nucleus and putamen are normal in size and appear- 
ance, as they traverse the neostriatum and may be traced into the globus 
palhdus 

The medullary network of the globus palhdus proper appears to have 
undergone a slight fiber reduction so far as it is possible to judge by this 
method The reduction in the medullary network is more apparent in the 
anterior portion of the globus palhdus and involves especially its external 
segment, the external medullary lamina and the supplementary external lamina 
The internal medullary layer appears to have undergone only slight if any 
reduction in its fiber content The ansa lenticularis in its more anterior por- 
tion also shows some thinning of its fiber content and this atrophy appeals 
to be more evident on one side than on the other More posteriorly the ansa 
peduncularis appears to have undergone only very slight atrophy, which is 
also true of Forel’s lenticular bundle (Hj) and the strioluysian fibers 

Forel’s commissure and Meynert’s commissure of the hypothalamic region 
are both present and have apparently suffered no reduction in their fiber con- 
tent Forel’s thalmic field (Hi) is also normal and the medullary capsule of 
the red nucleus is apparently not reduced in size The corpus Luysii shows no 
evident diminution of its fiber content and only slight if any reduction of its 
medullary capsule The internal capsule and the pes pedunculi are normal 
There are no evidences of atrophy in the pyramidal tracts of the crus cerubri 
or of the brachium conjunctivum In the fasciculus longitudinalis posticus and 
the tegmental region there is no obvious loss of nerve fibers 

The external and internal medullary layers and the sone gullagh of the 
optic thalamus are normal, and there is no evident reduction of the stno- 
thalamic radiations 

The only demonstrable pathologic changes were the atrophy of the large 
ganglion cells of the caudate nucleus and putamen (the neostnatum) and a 
corresponding diminution of the fiber network of the globus palhdus and of 
the striohypothalamic radiations 

Case 2~Summaiy—A man, aged 52, presenting the typical clinical picture 
of paralysis agitans of ten vears’ duration There was general rigidity and 
tremors of the paralysis agitans type, a parkinsonian mask, almost complete 
dysarthria, and the gait and attitude typical of this disease Death from 
bronchopneumonia 

Histologic Kxamination Central nervous system revealed atrophic changes 
in the large motor cells of the corpus striatum, namely, the caudate nucleus 
and putamen Many of the giant cells of the neostriatum were in various 
stages of chronic cellular atrophy In addition there was some loss of the 
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medullary network of the globus pallidus and a thinning of the striohypo- 
thalamic radiation, namely, the fibers of the ansa system 

Clinical Diagnosis Presenile type of paralysis agitans 

Pathologic Diagnosis Primary atrophy of the pallidal system of the corpus 
striatum 

Histoiy — The patient, aged 52, was a manufacturer of dress trimmings He 
was admitted to the Montefiore Home and Hospital Nov 4, 1914 Owing to 
the speech disturbance much of the history was obtained from his mother 

Faimly History — His father died of cancer, aged 67 His mother, aged 68, 
IS in good health . There is no history of any familial disease The patient 
IS the oldest of six children and emigrated to this country twenty jears ago 
He married but was divorced and had no children No history of venereal 
disease was obtained He had been engaged for many years m the manu- 
facture of dress trimmings and was moderate in the use of alcohol and 
tobacco 

Present Illness — The malady from which he now suffers made its appear- 
ance ten years before admission to the hospital and began with weakness of 
the arms and hands He was soon forced to gne up work and remained at 
home, the arms gradually growing weaker Subsequentlj’ a rhjthmical tremor 
developed which has continued ever since, graduallj increasing in extent and 
severity Later the legs became affected and for the past four jears the 
gait has shown considerable impairment There also developed a curious 
tendency to acceleration of the step m walking (propulsion) from which he 
suffers at the present time For the past three years the speech has shown 
distinct impairment and there is now considerable difficulty in forming words 
There is a constant tendency to drooling of saliva and some difficulty in 
deglutition All movements are labored and difficult and with the tremor and 
marked dysarthria a state of considerable helplessness has resulted During 
his long illness there has been no history of general cerebral symptoms such 
as headache, vertigo, or apoplectiform attacks, and the whole progress of the 
disease has been slowly and insiduously progressive 

Physical Examination — The patient walks slowly and with great difficulty, 
owing to the general rigidity of the musculature A well marked tendency 
to propulsion is present The attitude and gait are typical of paralysis agitans 
Both the arms and legs are rigid on passive movement and there is well 
marked rigidity of the abdominal musculature The contour of the muscles 
IS very well defined and the musculature presents a waxhke firmness on direct 
pressure The tendon reflexes of the upper and lower extremities are present 
and are not exaggerated The plantar reflexes are normal The abdominal 
and cremasteric reflexes are present and equal on the two sides The pupils 
are equal and react to light and accommodation There is no nystagmus or 
tremor of the ocular muscles Sensation is quite normal The mentality so 
far as could be determined was not affected The outlines of the heart are 
normal and there are no murmurs The radial pulse is regular — 84 beats to 
the minute and equal on the two sides Systolic blood pressure, 120 The 
lungs are normal to percussion but auscultation is unsatisfactory owing to the 
poor expansion of the chest So far as could be determined the breath sounds 
are normal Urine acid, specific gravity, 1030, no albumin and no sugar 
Note — The patient remained in the neurologic wards of the Montefiore 
Home in practically the same condition until April 9, 1915, when symptoms of 
pneumonia developed His breathing became rapid and labored, temperature 
rose to 1046 K, pulse 110 Dulness on percussion was noted over the right 
lower lobe, with bronchovesicular breathing anteriorly and diminished sounds 
posteriorly April 11, 1915, his condition was much worse and he became 
stuporous, with stertorous breathing Examination of the cerebrospinal fluid was 
negatne The Wassermann test was negative Death occurred April 12, 1915 
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Repot t of Nectopsy and Pathologic Findings— {ISecropsy notes made by 
Dr A B Lambert) Body That of a moderately emaciated man, 158 cm 
in length There is a distinct curvature of the back, with drooping forward 
of the shoulders There are no skin lesions 

Abdomen There is no fluid The intestines are freely movable The 
appendix extends into the pelvis, and measures about 6 cm in length 
mesenteric glands are not enlarged The liver projects about 3 cm below the 
costal margin The thymus is atrophic Both lungs are free anteriorly The 
right IS densely adherent to the diaphragm about the base The pericardium 
contains about 30 cc of clear fluid 

Heart It weighs 260 gm It is distended with blood, especially on the 
nght side The pericardium is everywhere smooth The precordial auricle 
IS normal The tricuspid opening admits three finger^, and measures in cir- 
cumference about 11 cm There is a slight thickening, especially of one of the 
cusps The right ventricular wall measures about 4 mm in thickness The 
pulmonary valve is normal and measures about f mm in circumference The 



Fig 6 (Case 2) — Presemle paralysis agitans Vertical section through ante- 
rior portion of corpus striatum (Weigert-Pal stain) Note diminution of the 
fiber network of the globus palhdus proper, the internal capsule is well 
preserved 

left auricle is normal The cusps of the mitral valve are moderately thickened, 
especially near their margin, but no fresh vegetations are seen The left 
ventricular wall measures about 1 3 mm in thickness The aortic valve mea- 
sures 8 cm in circumference — its cusps are practically normal The aorta is 
quite elastic, and shows only very early atheromatous changes 

Lungs The right lung is very voluminous, and weighs 1,100 gm Ante- 
riorly IS air-containing, but posteriorly is firm and nodular The pleura pre- 
sents a mottled black and gray color, from the enormous amount of coal pig- 
ment present On section through the firm consolidated portion there is seen 
a patchy consolidation, the consolidated parts being lighter in color and slightly 
elevated above the surface From the bronchi there exudes thick, creamy 
pus In the lower lobe there is an area to which the diaphragm is firmly 
attached, and which shows on section an irregular cavity about 214 cm in 
length which connects with the small bronchus A necrotic, purulent but not 
very oul material fills this cavity The larger bronchi are filled with pus 
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The glands about the hilum are deeply pigmented, \ery firm and in some 
places suggest calcification 

The left lung is similar to the right, weighs 800 gm The glands at the 
hilum are quite firm, pigmented, and there is one which on section shows grayish 
yellow, suggesting tubercle 

Liver Weighs 1,400 gm It presents a normal shape, except for a per- 
pendicular depression over the right lobe At one point on the surface is 
seen a small number of 3 'ellow nodules which project slightlj’’, and which on 
section are distinctly caseous The nodules measure about 0 5 mm m diameter 
and extend for a similar distance into the lobe On cut section the liver is 
grayish red m color— the lobulation is fairly distinct The gallbladder is 
unusually long, and contains no stones 

Spleen Weighs 150 gm Is normal in shape It is quite firm on section 
The trabeculae are prominent In the capsulae are seen a number of tiny gray 
nodules, less than 1 mm each in diameter — they do not extend into the sub- 
stance of the spleen The malpighian bodies are not \ery distinct 

Ixidneys These organs together weigh 300 gm and arc alike The cap- 
sules strip easily The cortex measures from about 6 to 7 mm The glomeruli 
are quite prominent There is a fair amount of pelvic fat The pelvis and 
ureters are not dilated 

Bladder and Prostate These are normal 

Pancreas and Stomach These show the usual postmortem changes 
Larynx, Trachea and Thyroid Normal 

Brain There is a definite edema of meninges of the upper con\exitj 
The sulci are quite wide and deep, suggesting some atrophy, especiallj in 
the frontal portion of the cerebrum Section through formalin hardened 
specimen shows no gross lesion The cortex does not appear to be definitclj 
reduced in thickness The vessels of the circle of Willis show some arterio- 
sclerotic plaques but no evidence of thrombosis The cord presents normal 
architecture and appearance The brain and spinal cord uere preserved in 
formalin for histologic examination 

Miooscopic Exaimnahon of ilie Glands and Visccia — (Made by Dr 
Lambert) Heart The muscle fibers are rather small They contain, how- 
ever, very little pigment There is a slight increase in connective tissue about 
the blood vessel 

Lung Section 1 — There is a confluent lobular pneumonia in the lower 
areas, polynuclear leukocytes predominate in the exudate, about the borders 
of such areas the alveoli contain many large mononuclear cells and a con- 
siderable quantity of coagulated fluid In some of the alveoli are bluish masses 
suggesting bacteria The bronchi are filled with pus cells 

Section 2 (through the cavity near base of right lung) — There is on one 
side a necrotic surface , m this is seen a vascular granulation tissue which 
merges gradually into the adjacent lung tissue The lung alveoli are all col- 
lapsed There is a great increase in the thickness of the septa The pleura 
is also greatly thickened The fibrosis suggests a chronic lesion — probably a 
bronchiectatic cavity This cavity may have served as the starting point of the 
extensive lobular pneumonia The blood vessel walls are rather thick, the 
sinuses are filled with blood The trabeculae are of normal size 

Liver The section includes one of the caseous foci observed beneath the 
capsule — the connective tissue capsule surrounding this caseous material is 
undoubtedly an old thrombus mass There appears to be little tendenev 
toward oragnization The liver itself presents the picture of a moderate 
chronic passive congestion The capillaries are dilated, but there is no necrosis 
of liver cells 

Kidneys The organs show no marked alteration 
Prostate The follicles are rather large and abundant 
Thyroid The follicles are not very large, but contain abundant colloid, 
which stains well 
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Parathyroids There is some increase in connective tissue about the larger 
blood -vessels The cells appear normal 

Arm and Neck ACuscIes Appear normal 

Muscle of Back The muscle of back stains -very poorly— changes seen are 
probably postmortem 

Htstologic Exaintiiattoti of the Central hiervous System — ^The brain and 
spinal cord were preserved in formalin and studies were made of the cerebral 
cortex, the cerebellum, medulla oblongata, pons varolii, spinal cord, the corpus 
striatum, optic thalamus and subthalamic region The following stains were 
used Toluidin blue (Nissl), hematoxylin-eosin, Sim’s stain, and the Weigert- 
Pal method Serial sections from the region of the basal ganglions were 
prepared in the New York Psychiatric Institute under the direction of Dr 
Charles B Dunlap The basal ganglions were cut in vertical slices some of 
which were stained for cellular studies and the remainder cut in serial sections 
and stained by the Weigert-Pal method 

Spinal Cord The anterior horn cells are normal in appearance and in 
number The nucleus is large and well formed, the nucleolus stands out clearly 



Fig 7 (Case 2) — ^Vertical section through middle of corpus striatum show- 
ing thinmng of the ansa lenticulans and diminution of fiber network of the 
external segment of the globus pallidus 


and the normal tigroid appearance of the Nissl granules is well defined There 
is no excess of pigment The meninges and blood vessels show no noteworthy 
alteration There is some thickening of the media in certain of the vessels, 
but no evidences of thrombosis or of hemorrhage There are numerous cor- 
pora amylacea scattered throughout the section, especially in the region of 
the substantia^ gelatinosa of the posterior horns There are no signs of peri- 
-vascular gliosis or sclerosis Weigert-Pal studies show no evidences of tract 
degeneration and the regions occupied by the direct and crossed pyramidal 
tracts show no sclerosis Sections of the medulla oblongata are normal The 
pyramids, the lemniscus and other tracts of the medulla are well formed and 
show no signs of atrophy The nuclei of this region are normal The pons 
varolii IS normal ^ 


Cerebral Cortex' Sections were made of the frontal, occipital and rolandic 
areas The cyto architecture was normal, and there was no extensive evidence 

?nt.n degeneration Here and there atrophic ganglion cells, 

intensely stained, were noticeable, but such cells were few in number and videly 




666 


J R HUNT 


ARCH 


separated The cells of Betz in the precentral convolution were well formed 
and free from atrophic changes The medullary rays and markings of the cor- 
tex by Weigert’s method were of fairly normal appearance and showed no 
especial diminution The cerebellar cortex and dentate nuclei are normal 
The Cells of Purkinje are well formed and of normal appearance 

Optic Thalamus Sections through the anterior, middle and posterior por- 
tions of the optic thalami show no essential lesions The cells of the nucleus 
anterius, nucleus lateralis and medialis are not diminished m number and show 
no evidences of atrophy The medullary laminae of the thalamus are well 
preserved, as are Forel’s thalamic bundle Hi and the medullary capsule of the 
nucleus ruber The cells of the corpus Luysii are well preserved and free 
from atrophic changes 

Corpus Striatum The caudate and the lenticular nuclei are free from an> 
evidences of gross lesions The blood vessel walls are thickened, especially 
the middle coats, but the lumen is free and there are no thrombi In the 
globus pallidus the perivascular spaces are rather large and there is a slight 
cribriform appearance as a result of these vascular and perivascular changes 
Many of the perivascular spaces contain clumps of jellow and dark brown pig- 
ment (hpoid material) and such pigment granules are also encountered in some 
of the perivascular spaces 

Ganglion Cells of the Corpus Striatum The small cells of the caudate 
nucleus and of the putamen are normal in number and appearance In con- 
trast to these, the large motor cells of the globus pallidus type in the caudate 
nucleus and putamen show definite signs of atrophj' These changes are 
especially well marked in the more anterior portion of the ganglia The 
atrophic changes in the large multipolar cells of the neostriatum (giant cells) 
consist of shrinkage and atrophy of the cell body, thin and atrophic processes, 
a small, irregular and displaced uncleus staining a uniform and intense blue 
with hematoxylin In some cells the atrophy and shrinkage are so marked 
as to prevent the differentiation of nuclear structure Such cells are often 
shrunken and of a hyaline appearance In many of the cells the protoplasm is 
broken up into coarse granules of a yellowish tinge and appear to have under- 
gone pigmentary degeneration Many of the atrophic cells are surrounded by 
groups of parasite glia cells, lying in the pericellular spaces These changes, 
which are quite general and well marked in the more anterior portions of the 
corpus striatum, are less prominent more posteriorly 

Globus Pallidus The large multipolar cells of the globus pallidus type 
are well preserved and are not diminished in number Many of these cells, 
however, are somewhat reduced in size and present a more rounded or angular 
appearance than usual Many of the cells are filled with coarse, light jellow 
pigment granules The nucleus and nucleolus are well preserved The fiber 
systems of the corpus striatum by the Weigert-Pal method show slight but 
distinct evidences of atrophic changes The small pencil-like medullary bundles 
which pass from the caudate nucleus and the putamen into the globus pallidus 
are well preserved and have undergone no reduction in size or number The 
external medullary lamina and the supplementary external lamina of the globus 
pallidus appear distinctly thinner than normal, and the external segment of 
the globus pallidus shows a distinct reduction in its network of medullated nerve 
fibers (Figs 6, 7 and 8) In the anterior portions of the globus pallidus the 
diminution of the fiber network is quite marked The ansa lenticulans and 
ansa peduncularis are fairly well preserved but especially in the more forward 
portion of the ansa system appear thinned and atrophic A slight thinning 
of Forel's field H- and of the strio-luysian fibers is also present Meynert’s 
commissure and Forel s commissure are present and apparently have undergone 
no diminution in size The essential pathologic changes were an atrophy of 
the large ganglion cells of the caudate nucleus and putamen (neostriatum) and 
a corresponding diminution of the fiber network of the globus pallidus and 
of the strio-hypothalamic radiations or ansa system 
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COMMENTS ON THE PATHOLOGIC STUDIES OF CASES 1 AND 2 

The cases 3ttst recorded are typical examples of the presenile type 
of paralysis agitaiis In Case 1 the duration of the disease was about 
seven years and in Case 2 approximately ten yeai s , both died of acute 
intercurrent affections All of the cardinal symptoms of the disease, 
namely, paralysis, rigidity and tremor were present and quite gen- 
eralized 

In the examination of the central nervous system, especial attention 
was given to the basal ganglia In these structures there were no 
evidences of gross lesions, such as hemorrhage, softening or inflamma- 
tion The blood vessels weie somewhat thickened, especially m the 



Fig 8 (Case 2) — Vertical section through the optic thalamus and corpus 
Luysii, showing thinning of the strio-hypothalamic radiations 


region of the globus pallidus, where a slight appearance of etat cubic 
was produced There were, however, no evidences of thrombosis 
The most striking pathologic changes noted were m the large motor 
cells of the caudate nucleus and putamen Many of these giant pallidal 
cells of the neostriatum were in various stages of chronic cellular 
atrophy (Fig 9) The cells were reduced in size, the bodies shrunken, 
atrophic and shivelled processes, with an elongated contracted nucleus, 
occupying a lateral position in the cell body Pyknosis of the nucleus 
was a very striking feature in many cells, while in others the entire 
cell was much shrunken and diffusely stained Many cells showed 
evidences of advanced pigmentary degeneration and many of the peri- 
vascular and pericellular spaces of the corpus striatum contained pig- 
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ment detritus and yellowish lipoid material The large cells of the 
striatum did not appear to be reduced in number, but were simply in 
vaiious stages of chronic atrophy, there was no noteworthy increase 
of the gha cells in this region 

In contrast to the atrophic changes in the giant pallidal cells of the 
neostriatum, the small ganglion cells of this region (neostriatal cells) 
weie preserved, both in number and appearance, and were free from 
evidences of atrophy (Fig 9) The cellular changes were moie pro- 



Fig 9 — Showing atrophic ganglion cells of the caudate nucleus and putamen 
(neostriatum) Nissl stain Presenile paralysis agitans of ten years’ duration 
Aj atrophy of large motor cells of the pallidal type, B, small ganglion cells 
are normal 

nounced m the anterior portion of the corpus striatum, although occa- 
sional atrophic cells of the large globus pallidus type M^ere demon- 
strable as far posteriorly as the tail of the caudate nucleus 

The motor cells of the globus pallidus proper (the paleostriatum) 
were not reduced in number, and in comparison with the giant pallidal 
cells of the neostriatum were well preserved Many of these cells 
gave the impression, however, of being somewhat reduced in size and 
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of presenting a more rounded and angular appearance than do normal 
cells Their internal structure, including the nucleus and nucleolus 

was well preserved 

In serial sections, stained by the Weigert-Pall method, certain 
pathologic changes were also apparent in the corpus striatum (Figs 3, 
4, 5, 6, 7 and 8) The medullaiy network of the globus palhdus, espe- 
cially m its anterior portion, had suffered some reduction in the num- 
bei of its nerve fibers and the external segment had apparently suffered 
more in this respect than had its internal segment The reduction was 
present in both the external medullary and the supplementary external 



Fig 10 — ^Juvenile paralysis agitans of twenty-five years’ duration Section 
through the putamen Toluidm blue, X 384 Note the increase of gha nuclei 
and almost complete absence oi the large pallidal cells The small ganglion 
cells are not reduced in number 

medullary layer The ansa system, namely, the strio-hypothalamic 
radiations, also showed some thinning and atrophy of its fiber systems 
These alterations in the medullary network and radiations of the 
coipus striatum were diffuse and not sharply defined They were 
nevertheless unmistakably present 

The evidences of chronic cellular atrophy in the neostriatum were 
quite definite and distinct and because of their chronic character could 
not have been the result of pyrexia or of the terminal infection to 
which both patients succumbed 
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The motoi cells of the coiticospmal system weie quite intact The 
large cells of Betz in the rolandic area weie well preserved, as were 
also the laige multipolai cells of the anterior horns of the spinal cord 
Furthermoi e, theie were no evidences of atrophy or sclerosis of the 
pyiainidal tracts either in the brain or in the spinal cord 

With the exception of pathologic changes in the efferent pallidal 
system noted above, namely, chionic atrophy of the giant pallidal cells 
of the neostriatum, a reduction in the fiber network of the globus 
palhdus and atrophic thinning of the fibeis of the ansa system, the cen- 
tral nervous system appealed normal 



Fig 11 — Juvenile paralysis agitans of twenty-five years’ duration Section 
through the globus palhdus Toluidin blue, X 384 Showing atrophv and 
diminution in number of the motor cells of the globus palhdus Note the 
increase of gha nuclei and numerous irregularly formed concrements 

Histologic studies of sections from the ceiebial coitex, the ceie- 
bellum, optic thalamus, pons, medulla and spinal cord levealed no 
lesions which could be ofteied as an explanation foi the phenomena of 
the disease 

COMPARISON or LESIONS WITH THOSE OF JUVENILE 
PARALYSIS AGITANS 

It IS not without interest to compare these pathologic changes with 
the histologic findings in juvenile paralysis agitans of twenty-five years' 
duration reported in my earlier monograph In this case a study 
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of the central nervous system by modern histologic methods 
showed no lesions, excepting of the corpus striatum In this region 
the cells of the globus pallidus type were diminished m number , the 
reduction estimated by comparative cell counts varied from one-sixth 
to one-half the normal The greater number of the lemaimng cells 
were in various stages of chronic atrophy These cellular changes 
were not confined to the cells of the globus pallidus proper, but were 
also evident m the globus pallidus cells of the caudate nucleus and 
putamen The cellular atrophy was therefore confined to a single type 
of cell, namely, that of the pallidal type This was apparent m the 
globus pallidus proper, also in the caudate nucleus and putamen — 
the iieostnatum (Figs 10 and 11) 



Fig 12— Juvenile paralysis agitans (Weigert-Pal method) Horizontal sec- 
tion through the cerebral peduncle and basal portion of the corpus striatum 
Note the thinning of the ansa peduncularis 


There was also a moderate increase of the glia cells of the globus 
pallidus, and of the putamen and the caudate nucleus There was, 
howevei, no increase of the glia fibers This was regarded as a 
replacement manifestation, secondary to the atrophy of the motor 
neurons of the pallidal system The blood vessels of the corpus 
striatum showed in ceitain areas a model ate thickening, there were 
no occlusions and no evidences of any serious vascular or perivascular 
disturbance 

Corresponding to the atrophy of the efferent cells of the pallidal 
system, there was a moderate thinning of the stnohypothalamic radia- 
tions, namely, the lenticular bundle of Forel, the strio-luysian fibers 
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and the ansa lenticulans and peduncularis (Fig 12) This diminution 
was moderate in degree and was evenly distributed The medullary 
network of the globus pallidus also appeared to have undergone some 
slight diminution, but this was difficult to determine by the Weigert 
method, and, if present, it was evenly distributed and moderate in 
degree 

The only discoverable lesion was a widespread atrophy and dis- 
appearance of the cells of the pallidal system, which I would regard 
as the essential motor or projection system of the corpus striatum 

A certain harmony in the pathologic changes m the three cases of 
paralysis agitans therefore exists 

In all, the cellular atrophy was limited to the large motor cells of 
the corpus striatum (pallidal system) with preservation of the small 
ganglion cells of the neostriatum (neostriatal system) In all, there 
were also evidences of atrophy in the ansa system — the strio- 
hypothalamic radiations with some reduction in the medullary net- 
work of the globus pallidus 

The greater degree of involvement in the juvenile case I would 
explain by the longer duration of the malady, twenty-five years, in 
comparison to the tsvo cases recorded in this paper in which the 
duration of the disease had not exceeded ten years The longer dura- 
tion of the disease would account for the greater atrophy and diminu- 
tion in number of the pallidal cells, the marked increase of gha nuclei 
and the cellular atrophy in the globus pallidus proper (paleostriatum) 
The evidences of atrophy in the motoi cells of the globus pallidus 
proper in the tvo cases described in this paper were only slightly 
indicated by a somewhat doubtful reduction in size of the cell body 
and a slight rounding and angularity of outline as compared with 
normal cells, minor changes which would only have a significance 
taken in conjunction with the more marked changes in the neostriatum 
and the very evident alterations in these cells in the juvenile paralysis 
agitans case 

There is, I believe, a certain analogy between the histologic findings 
m the corpus striatum in cases of paralysis agitans and those demon- 
strable in the precentral convolution of the rolandic area in cases of 
primary lateral sclerosis In this latter affection it was long held that 
the large motor cells of the cerebral cortex were not affected and that 
the lesion was confined to the more distal portion of the primal y motor 
neuron which gradually progressed centripetally 

Later investigations, however, have shown a considerable deviation 
from the normal which varies directly with the duration or seventy of 
the disease These cellular changes may range from simple atrophy 
of the cell to complete destruction, there remaining only cellular rests 
and fragments 
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It IS, I believe, not without significance that these two system dis- 
eases of central motor tracts should present variations in the degree 
of the cellular changes in harmony with the duration of the clinical 
pictuie, and that the character of the cellular changes should be essen- 
tially the same (abiotrophy) 

THE SYMPTOMATOLOGY OF PARALYSIS AGITANS 

The observations on symptomatology which are summarized in the 
following pages were carried out in the neurologic wards of the 
Montefiore Home and Hospital, the wards and outpatient department 
of the New York Neurological Institute and in my private practice 
dui mg the past two years Over fifty cases were utilized, representing 
various stages and types of the disease 

The symptomatology of paralysis agitans has been so thoroughly 
investigated by the most distinguished clinicians of the past and 
present that but little may be added m the way of new observations 
The character of the paralysis, the tremor and the rigidity have all 
been carefully studied by Zmgerle,® Forster® and many others, and 
the peculiar loss of the automatic and association functions of motility 
was especially emphasized by Zingerle 

My studies in the symptomatology are therefore in the main con- 
fiimatory of the results achieved by other obseiweis, but approached 
from a new point of view, namely, that paralysis agitans is not a 
disease, but a characteristic type of central palsy resulting from a 
lesion in the pallidal system of the stnospinal mechanism 

The cardinal symptoms of paralysis agitans are three in number, 
and consist of paralysis^ rigidity and tieiiwi The great variation in 
the clinical picture is dependent on the extent of involvement of the 
musculature and the degree in which these three fundamental symp- 
toms are present 

In the common form of the disease all three symptoms are usually 
present in combination, there being simply a tendency to gradual 
progression 

In other cases, especially in the earlier stage, one symptom may 
dominate the clinical picture or even be present alone, so that 
certain special types are recognized For example, there is a rigid 
type, the paralysis agitans sine agitatione, and a raie tiemoi type, the 
paralysis agitans sine iigidifate Of these two types, the rigid form 
IS by far the more common and constitutes, m some of the larger 

Ueber Paralysis Agitans, Jour f Psychol u Neurol , 1909 - 

14 , 81 ’ 

^ Coordinationsstorungen bei Paralysis Agitans, Berl klin 

Wdinschr, 1912, 49 , 478 j t. , 
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statistics, about 20 per cent of all cases, the disease running its course 
with little or no tremor manifestations 

I would also emphasize the lare occurrence of what appears to be 
a pure paialyhc type of paralysis agitans m which the typical paralytic 
disturbances are manifested without evidences of tremor or any 
noticeable rigidity Of this type, I have only observed one case and a 
somewhat similar example has been recorded by Kramer This type, 
while rare, is of great interest, and may give rise to considerable diag- 
nostic uncertainty 

In this connection it is interesting to recall that Forster^^ has 
described paralysis agitans with hypotonia In this case the charac- 
teristic paralytic disturbances with tremor were present, but without 
rigidity Instead, there was a well marked hypotonicity of the muscu- 
lature 

In this somewhat anomalous group of cases it is possible that we 
are not dealing with a true system disease, but a special vascular type 
with involvement of other systems, producing a condition similar to 
that which has been observed in certain flaccid types of hemiplegia 

THE PARALYTIC DISTURBANCES OF PARALYSIS AGITANS 

The motor disability of paralysis agitans is dependent on the 
rigidity and a curious type of palsy, which differs from other forms 
of paralysis by reason of the nature of the paralytic phenomena The 
paialysis is limited to the automatic and associated movements of the 
body and presents a striking contrast to the corticospinal type of palsy 
in which there is a loss of isolated synergic, or dissociated mo^ ements 
It is for this reason that such motor activities as those concerned with 

■^Report of Case — Paialytic Type of Paialysis Agitans — A man, aged 62 
Duration of the disease two years Onset with slowness and weakness of move- 
ment, affecting first the arms and later the legs Gradual progression with 
subsequent involvement of speech and gait There is a slight maskhke expres- 
sion of face, the eyes are fixed and staring, speech is slow and monotonous 
The gait is slow and shuffling, the arms do not swing rhythmically, but are 
held inertly by the side There is no festination There is no tremor and 
no rigidity of the musculature The tendon reflexes are all present and active 
The skin reflexes are present (No Babinski sign ) Sensation is normal 
The attitude, gait and facial expression are suggestive of paralysis agitans 
There is infrequent winking, povertv of movement, and great difficulty in 
nsing from a sitting posture There is an absence of the associated move- 
ments of extension of the wrist on making a fist (absence of the normal 
extensor kick of wiist), which is so characteristic of this form of palsy The 
patient was examined three months later and the above findings confirmed 
There was a paralysis of automatic and associated movements of the paral- 
ysis agitans type without tremor or rigidity 

10 Kramer Paralysis Agitans ahnhche Erkrankung, Berl klin Wchnschr , 
1914, 51, 1287 , Neurol Centralbl , 1914, 33, 729 

II Forster Paralysis Agitans mit Hypotonie, Berl khn Wchnschr, 1913, 
50, 649 
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walking, running, sitting, rising, lying and turning in the recumbent 
posture show such marked and early involvement 

It is, I believe, largely foi the same reason that there is so much 
delay and difficulty in initiating movements, as, for example, in rising 
from the sitting postuie In such movements the associated activities 
of massive muscle groups are impaired and it is only by great effort 
of will that the defective automatic function is replaced by cortico- 
spinal activity The peculiar muscular rigidity is also a powerful 
factor in causing slowness and delay in the initiation of movement 
and will be discussed more m detail under the heading of rigidity 
If a fairly well advanced case of paralysis agitans is observed at 
rest, one is impressed by the unusual motor passivity of the individual 
The expression of the face, as reflected by the muscles, does not change 
with variations of the mood Such emotions as sorrow, joy, surprise 
and anger find their chief or perhaps only expression m the eyes An 
apparent exception would seem to be the smile, as many cases of 
paralysis agitans are capable of a fairly bright smile It is, however, 
a cortical smile and one that a normal person often simulates 
in a conventional way without any coi responding sensation of joy 
These patients, however, are rarely capable of laughter, that is, good 
hearty laughter m the complete sense, with its complicated series of 
automatic and associated activities One is also struck by the absence 
of the usual gestuies and similar associated motor activities which 
automatically accompany conversation and social intercourse Even 
an automatic act such as winking, which is to a large extent of reflex 
origin, IS diminished in frequency, and infrequency of winking has 
long been recognized as a curious symptom of the disease 

The sufferer from paralysis agitans may be in a sorrowful mood, 
and the eyes not infrequently fill with tears, but sobbing or crying 
with all its manifold associated acts is but raiely obseived, and 
practically nevei in the latei stages of the disease The same may 
be said of angei, the motor expression for which is generally impaired 
in tone of voice, facial expiession and gesture 

This is also true of such complicated automatic acts as coughing 
and yawning, which are not manifested m their complete motor form 
in this disease and yet are unimpaired in the palsies of spastic or 
corticospinal origin 

In the act of voluntaiy coughing, which is often feeble, the asso- 
ciated contractions of the latissmius dorsi are occasionally absent 
Especially interesting for motor studies are those cases of hemi- 
plegic type in which the paralysis and rigidity are strictly unilateral 
In such a case it is possible to observe the normal play of facial 
expression on the unaffected side with well marked evidences of the 
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mask on the paralyzed side It is usual to find under these circum- 
stances that the nasolabial fold has disappeared and also that the 
slight creases of the forehead have faded from the paralyzed side 
showing m a slight degree the loss of this controlling mechanism for 
facial expression 

I have also noted in these unilateral types absence of the associated 
movements of the auricle on elevation and contraction of the brows 
and the frontalis muscle, a very suggestive loss, as such movement 
must be phylogenetically very old and therefore under striatal control 

The purely reflex act of swallowing is not generally impaired 
even in the last stages of the disease and we have observed quite 
advanced cases with complete anarthria and general rigidity when 
solid and liquid nourishment could be taken without great difficulty 
by means of the purely reflex mechanism of deglutition 

The same lack of motor association is often noticeable on look- 
ing toward the right or left The eyes turn, but without the usual 
associated movement of the muscles of the neck which move the head 
conjointly with the movements of the eyes, also on looking upward, 
not infrequently the associated contraction of the frontalis muscle 
fails, m contrast to the normal associated movements which distin- 
guish this act 

If an irritating or unpleasant odor is held befoie the nose, there 
IS a withdrawal of the head, but the movement lacks the emotional 
expression of disgust or irritation both in the face and in general 
chaiacter of the withdrawal manifesttations 

It may be added that while some of the above symptoms or, 
indeed, many of them, may be observed in advanced cases of the 
disease, it is not to be assumed that they are all present in any given 
case as the affection is but slowly progressive and the patient usually 
succumbs from some intercurrent disease long befoie his automatic 
and association motor mechanism is completely destroyed 

PARALYSIS or ASSOCIATED MOVEMENTS OF THE ARMS 

Very interesting defects in the association of movement aie mani- 
fested in the upper extremities For example, one of the earliest and 
most characteristic symptoms of the disease is the loss of rhythmical 
associated movements of the arms m walking The patient with 
paralysis agitans walks with the arms held stiffly by the side 

'I'Note— I have elsewhere” expressed the view that the regulating center 
for the emotional innervation of the face is situated in the anterior portion 
of the corpus striatum and not in the optic thalamus as is held by many 
observers 

12 Hunt, J Ramsay The Efferent Pallidal System of the Corpus Striatum 
A Consideration of Its Functions and Symptomatology, Tr Am Neurol Assn 
1917, p 10 (Jour Nerv and Ment Dis , 1917, ii) 
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Under normal conditions the arms swing alternately with the legs 
in walking or running, thus simulating the use of the forelegs in 
quadrupeds Dupre^’ quite correctly interprets this phenomenon as 
a vestigial manifestation — a remnant in the biped of a more primi- 
tive quadruped gait 

This rhythmical action of the arms in walking, running and jump- 
ing is lost comparatively early in the disease, and yet the ability to 
voluntarily swing the arms shows no impairment 

Again, if the attempt is made to open the hand the fingers slowly 
unfold and extend but there is not the marked abduction of the 
thumb and spreading of the fingers which takes place normally, and 
if the hand is closed quickly, as m grasping an object firmly, the 
fingers flex and are folded into the palm, but without the sharp 
associated movement of extension of the wrist, which is present in 
every normal person (absence of the extensor kick) 

It is of interest to recall that the phenomenon of simultaneous 
extension of the hand on making a fist is increased in spastic paralysis, 
the so-called “radialis phenomenon” of Strumpel, the absence of cor- 
tical inhibition in such cases permitting its more complete expression 
It IS an involuntary associated movement which permits of a firmer 
grasp of an object by elongating the points of insertion of the flexor 
muscles of the forearm This movement together with the abduction 
of the thumb and spreading of the fingers are phylogenetically older 
movements which were of great importance in the ^Alimbing period” 
of our ancestry, and which still subserv^e a useful function (A similar 
mechanism may possibly underlie the spreading movements of the 
claws obser\’'ed in cats ) This absence of the extensor kick of the 
dorsum of the hand is not only an important and early sign of paral- 
ysis agitans, but together with the absence of the alternating rhythmical 
swing of the arms in walking constitutes an important sign of other 
clinical types of pallidal palsy from focal lesions of the corpus 
striatum (Hunt) 

The loss of other forms of assodated movements of the upper 
extremities are also occasionally observed, for example, the contra- 
lateral contraction of the erector spinae group on swinging the arms 
fon^ ard or on abduction of the arm to a horizontal position 


PAILALYSIS or ASSOCIATED 3IOVEMEXTS OF THE LEGS 
In movements of the lower extremities a similar loss of muscle 
association may be demonstrated In walking, for example, there 


13 Dupre, Ernest Ongme Ancestrale et Significatio 
Movements des bras dans la Marche humaine, XII Cong 
Moscow, 1897, 2, 82, Sect. Anat 


n quadrupcde des 
Internal d med , 


14 Hunt, J Ramsaj 
System of the Corpus* 


Clinical Tvpes of Parahsis Referable to the Pallidal 
Stnatum, Tr Assn Am Phjs, 1918 
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IS a failure of the associated flexion of the thigh, knee and foot, 
which accompanies the normal act Instead, the foot hangs as the 
knee is lifted which gives the slow dragging movement and shuffling 
gait which IS so characteristic of the disease Such phenomena as 
propulsion, retropulsion and lateropulsion may be explained by the 
loss of the normal associations of movements between the leg and 
trunk muscles which are a part of the upright posture and the act 
of walking 

Another very interesting loss of associated movement may some- 
times be observed m the lower extremities Undei normal conditions 
while lying in the recumbent posture if the attempt be made to elevate 
one of the legs, the eftort is accompanied by a very distinct contra- 
lateral pressure of the heel of the opposite side against the floor or 
the bed It is a contralateral associated movement which is of 
material assistance in the elevation of the extremities and has been 
utilized by Dr Hoover as a differential sign between the hemiplegia 
of organic and functional origin This contralateral movement is 
absent in hysterical hemiplegia because of the absence of the psychic 
effort of innervation , it is, however, inci eased in the ordinary spastic 
hemiplegia of pyramidal tract origin In paralysis agitans this phe- 
nomenon, however, is not infrequently absent, the contralateral pres- 
sure of the heel being absent or diminished because of the loss of 
normal association of movement The absence of the contralateral 
pressure of the heel on elevation of a paralyzed extremity may be 
demonstrated very readily in some hemiplegic types of this disease 

PARALYSIS OF THE ASSOCIATED MOVEMENTS OF THE TRUNK 

Very grave disorders of association are also to be observed in 
movements performed by the trunk muscles, probably because the 
most important function of these large muscle groups are concerned 
with automatic and associated movements The trunk muscles are 
phylogenetically the oldest of the skeletal muscles, antedating m their 
origin those of the extiemities It is, therefore, not surprising to 
find a grave disorder of their function in paralysis agitans, a paialytic 
affection produced by the loss of the efferent motor neurons of the cor- 
pus striatum The disturbance of trunk movements are often dispro- 
portionately affected as compared with movements of the legs and 
upper extremities, especially the latter The movements of the upper 
extremities unquestionably having a much closer relation to cortico- 
spinal or acquired movements than have those of the trunk 

^ Note —O n theoretical grounds it would seem to me probable that the 
trunk muscles because of their phylogeny are closely related to the globus 
pallidus or paleostiiatum, while the muscles of the extremities including the 
head, are more closely correlated with the neostiiatuvi 
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It IS often extremely difficult for cases of paralysis agitans to 
turn in bed, to sit up, or perform other simple movements of the 
trunk On lying down they fall back, the legs rising helplessly m 
the air, there being no effort made to regulate this movement by 
extension of the thighs which would tend to counteract the tendency 
to roll backward with the legs in the air Furthermore, on attempting 
to rise from the recumbent posture, with the arms folded on the 
chest the effort often fails as there is not the initial flexion of the 
hips and subsequent fixation of the lower extremities thus permitting 
the use of the ileopsoas muscles in elevation of the trunk The patient 
falls backward, the legs rising helplessly in the air 

Very striking is the absence of association movements of the 
arm and shoulder muscles when the examiner offers his hand for the 
assistance of the patient while attempting to rise from the recumbent 
or sitting posture The hand of the examiner is taken but is merely 
touched or is held very lightly in a perfunctory manner, and no 
energetic effort is made to utilize this additional source of aid The 
patient rises but without any force being expended by the arm m 
an effort to assist by pulling or lifting The absence of spreading 
and grasping movements of the hand is here manifested in a larger 
way by the inability to assist the massive movements of the trunk 
by pulling and lifting movements of the arms It would seem as if 
the examiner’s hand were taken simply as a matter of form or habit 
and the rising is accomplished without the slightest assistance there- 
from This IS one of the striking examples of the peculiar type of 
motor palsy with which these cases suffer, and may be readily 
demonstrated in advanced and comparatively helpless types of the 
disease 

A similar defect may be observed on rising from the sitting posture 
A quite helpless patient will try laboriously to rise from an armchair, 
without the use of the arms, or if the hands appear to be used it can 
readily be shown that this is only apparent and that no real pressure 
on the arms of the chair is exerted Furthermore, such helpful 
associated movements as leaning forward and placing the heels well 
beneath the chair before making the attempt to rise, are entirely 
disregarded and the attempt is made under what to a normal person 
would be the most difficult mechanical conditions 

Also, on sitting down, this comparatively simple act is usually 
performed quite grotesquely by a patient with paralysis agitans, so 
that the fall is not broken, and they sit down hard, the legs tending 
to rise in the air as they fall back in the chair This defect is 
due to the same lack of association of movement— the heels not 
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being first placed well beneath the chair and the arms of the chair 
firmly grasped, as would be the natural course of events in other 
types of motor disability 

Perhaps, there is no more beautiful demonstration of the loss of 
this association mechanism than occurs if the patient while standing 
on a large mattiess is quite suddenly pushed over In advanced cases 
of the disease, the fall is passive and complete, and occurs without 
any of those muscular attempts to break the fall which are present 
in all other conditions of palsy, even in profoundly spastic states 
The patient falls, silently and stiffly, like a marble statue and oscil- 
lates to and fro in the same manner as would any solid or immo- 
bile object 

PRESERVATION OE ACQUIRED MOVEMENTS IN PARAL\SIS AGITANS 

111 Striking contrast to losses in the sphere of the automatic and 
association activities of movement is the preservation of specially 
acquired movements of cortical oiigin These are carried out quite 
correctly m every detail, except for the difficulties produced by the 
tremor, rigidity and the paralysis of associated movements A case 
of shaking palsy which has lost the alternating rhythmical swing of 
the arms in walking, the spread of the fingers and abduction of the 
thumb, the extensor kick of the wrist and the other paralytic dis- 
turbances enumerated above will take off his coat, draw up a chair, 
pick up a pencil from the floor and proceed to write, all the movements 
being quite correct in their detail execept for the rigidity and tremor 

The motor disturbances just enumeiated, therefore, involve the 
associated and automatic movements Motor activities which are 
phylogenetically old and which are automatic and involuntary m 
character It is very likely that this form of motor activity had 
leached an advanced stage of development in the lower forms of 
life, and that fuither additions to the wealth and variety of motor 
activities coincide with the appearance and evolution of the cerebral 
cortex 

This older mechanism which governs the association of movement 
retains, however, its full activity m man and is utilized in many, if 
not all, cortical movements It would be difficult to conceive of any 
but the simplest motor acts of cortical origin in which the older 
mechanism does not play some role Many acquired movements sub- 
sequently become more or less automatic, as for example, brushing 
the teeth, shaving with a safety razor, hammering, etc Such acquired 
actuates are not infrequently lost or seriously disturbed early in the 
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course of paralysis agitans, probably because of the preponderant 
automatic component of striatal origin 

RELATIONS OF THE CEREBRAL CORTEX AND THE 
CORPUS STRIATUM 

The nature of the mechanism by which the cortical and striatal 
activities are harmonized is largely speculative It now appears 
highly probable that the corpus striatum has no direct connection with 
the cerebral cortex The pyramidal tracts, however, as they traverse 
the striatum send off numerous collaterals to all parts of this structure, 
so that a certain relationship between the motor cortex and the corpus 
striatum could be maintained through the medium of such collateral 
fibers The optic thalamus also stands in very close relationship with 
all portions of the cerebral cortex by its afferent and efferent fiber 
systems, and as very close intimate associations exist between the 
thalamus and the corpus striatum the influence of the cortex on the 
striatum could be exercised in this manner 

In order that a structure should play the role which I would 
ascribe to the corpus striatum, it must have very intimate connection 
with the proprioceptive system and the cerebellum Such a relation- 
ship surely exists for the corpus striatum through its very close 
association with the optic thalamus which has such direct and impor- 
tant connection with both the cerebellum and the general sensory 
system I assume, therefore, that the motor system of the corpus 
striatum is essential for the control of automatic and associated 
movements, and that it exercises this function through the medium 
of the rubrospinal system and other extrapyramidal motor tracts 
which as yet are but imperfectly understood, the existence of which, 
however, cannot be denied 


IMPORTANCE OF THE EXTRA PYRAMIDAL SYSTEM IN MOTILITY 

The importance of the extrapyramidal system is shown very beau- 
tifully in the development of motility in the fetus At the eighth month 


* Note —Realizing the peculiar nature of the motor disturbance in this 
disease, I have made some systematic efforts to restore by Tsediicoitou the loss 
of the more important automatic and associated movements Attempting to 
substitute a cortical activity for the loss of the striatal mechanism The dif- 
ficulties are very great because of the very nature of the lost movements 
their involuntary and automatic character ’ 

However, something may be accomplished by substitution for the more 
important movements The pnnciple of this form of reeducation is to teach 
t e patient the manner in which such movements, as rising from a sitting 
posture, sitting down, walking, turning, etc , are performed so that the victims 
of this disease may gradually acquire consciously what they previously per- 
formed unconsciously and automatically 
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of fetal life Van Gehuchten^® has shown that the spinal cord con- 
tains no pyramidal tract fibers, the axis cylinders not yet having 
descended below the level of the pyramidal decussation of the medulla 
oblongata 

Hence all nerve impulses to the muscles of the extremities before ~ 
the eighth month of fetal life must pass by way of other motor tracts, 
namely, the extrapyramidal system 

If we observe an infant born prematurely at the seventh month, 
one cannot but be impressed by the variety and strength of movements 
which show the characteristic qualities of striatal motility The early 
myelimzation of the ansa system of the corpus striatum which appears 
about the fourth month of fetal life, therefore, acquires a new signifi- 
cance in the light of the more active fetal movements which begin at 
this period and their probable striatal origin 

In conclusion, it may be stated that this very complicated stno- 
spinal mechanism in man finds a very simple counterpart in the lower 
forms of life and is represented by the globus palhdus (paleostriatum), 
the basal forebram bundle of Edinger, and the primary motor fascic- 
ulus of the spinal cord These structures constitute the primitive 
motor system of fishes which have only a rudimentary cerebral cortex 
and yet are endowed with a rich capacity for automatic and associated 
movements 

THE RIGIDITY 

A conspicuous symptom of paialysis agitans and one which con- 
tributes very materially to the general motor disability is the rigidity 
Stiffness of the musculature is a large factor in producing that slow- 
ness of movement which with loss of the automatic and association 
activities of muscles cause the peculiar facial expression, attitude and 
gait, which are so characteristic of the disease 

This rigidity is unquestionably of central origin, as is the spasticity 
which characterizes the paralysis of pyramidal tract disease It, how- 
ever, presents certain differences, the explanation for which will be 
offered later 

The muscles are quite firm to touch, their contour is well defined 
and there is a state of continuous hypertomcity which gives to passive 
movements an impression of waxlike rigidity In this respect the 
hypertonia of paralysis agitans differs from that of spastic paralysis 
It IS more plastic, while that of the spastic state is more elastic in 
character Passive movements in paralysis agitans show that the 
continuous rigidity is often broken by a peculiar rhythmical sensation 
due to an intrinsic Ueinoi tendency of the muscle substance This 

15 Van Gehuchten Faisceau Pyramidal et Maladie de Little, Jour de neurol 
et d’hypnol, 1896, 1 , 225 
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muscle manifestation, or cogivheel rhythm as it is sometimes called, 
IS more apparent m those forms of the disease in n hich tremor is well 
marked and, when present, is a very characteristic sign 

Both forms of hypertonicity, spasticity and rigidity are increased 
by irritation of the skin, by cold and by mental excitement, both are 
diminished by rest, warmth and sleep The spastic state is further 
characterized by certain clonic phenomena and exaggeration of the 
tendon reflexes In paralysis agitans, muscle clonus and reflex hyper- 
excitabihty are absent, except for occasional pseudoclonus or tremor 
clonus in the earlier stages of the disease In the spastic state, how- 
ever, a certain elastic quality of hypertonicity is more in evidence In 
the rigidity of paralysis agitans the plastic component predominates — 
and this constitutes the chief difference between these two forms of 
hypertonus 

It IS generally held that the hypertonicity of spastic states is caused 
by a loss of the cerebral inhibitory function and when the connections 
between the motor cortex and the motor cells of the spinal cord are 
severed, spasticity results It would thus appear that a higher motor 
center in order to be effective, must control the spinal mechanism 
which IS engaged m the regulation of tonus, and when this control is 
lost hypertonicity results A similar explanation may be offered for 
the occurrence of rigidity m paralysis agitans 

According to my conception, this disease is the result of an atrophy 
of the essential motor projection system of the corpus striatum — the 
pallidal system, which exercises a controlling influence on the lower 
spinal mechanism through the medium of the extrapyramidal motor 
tracts 

As the corpus striatum represents a higher controlling motor 
mechanism, although phylogenetically much older than the cortico- 
spinal system, it also must control or inhibit spinal tonus, and when 
this inhibition is lost, hypertonicity of the musculature results 

There are certain peculiarities in the quality of this hypertonicity 
which I would, ascribe to differences in the relationship of the cortico- 
spinal and striospinal systems to the peripheral nerve distribution and 
the constituents of the muscle fiber (Hunt^®) 


THE INTRINSIC CONTRACTILE SYSTEMS OF STRIATED MUSCLES 
AND THEIR DUAL INNERVATION 

The voluntary musculature of the body belongs to the group of 
striated muscles which is composed of tivo distinct substances or 


16 Hunt J Ramsaj Preliminary Report on the Evidence Indicating the 
Existence of a Pal^kinetic and Xeokinetic Sjstem for the Transmission of 
Motor Impulses m Penpheral Xet^'es, Tr Am Xeurol Assn , 1918 
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s3’-steins The one is the anisotropic disk system which is innervated 
by the large multipolar cell of the anterior horn, a medullated nerve 
fiber and the motor end plate of the muscle, the other is the sarco- 
plasmatic substance which is under the control of the sympathetic 
system and is innervated by the sympathetic motor cell of the anterior 
horn, nonmedullated nerve fiber and the terminal sympathetic end- 
plate of the muscle fiber 

These two muscle systems differ essentially in their histologic, 
physiologic and chemical characteristics, and each has a separate nerve 
supply and source of innervation The anisotropic disk system sub- 
serves the function of the twitch or quick contraction and is the pre- 
dominant factor in the production of voluntary movements The 
sarcoplasmatic system, on the other hand, subserves a more plastic 
function and is especially active in automatic and association move- 
ments requiring fixed postures and attitudes Both components, how- 
ever, the contractile and plastic, participating in all forms of motility, 
diffeiing only in degree ( Shenngton^" and Langelaan^®) 

The nonstriated, or smooth muscles of the body are innervated 
exclusively by the sympathetic nervous system and phylogenetically 
represent a much older system than that of the striated muscles It is, 
therefore, not altogether surprising that the stnospinal system which 
controls a lower grade of movement than the corticospinal should 
show the predominant role of the plastic component in contrast to 
spastic states, with their characteristic clonus and exaggeration of the 
tendon reflexes, which are manifestations of the contractile com- 
ponents of this form of hypertomcity 

The higher development of motion is therefore attended by a 
gieatei activity of the elastic component, which thus permits of a 
more rapid and more complete control of motor activity In cortical 
movements, the anisotropic disk system is therefore the predominant 
factor 

The evolution of the central nervous system has taken place by a 
gradual grouping and integration of lower segmental activities under 
the control of a higher regulating mechanism For example, in the 
realm of motility the simple reflex movement of segmental origin has 
been gradually replaced by the more complicated types of movements 
represented by automatic and associated acts of striatal origin Sub- 
sequently the isolated or dissociated movements of cortical origin 
were superadded which find their expression in the various acquired 
motor activities of man In this method of development a lower 

17 Sherrington, C S Postural Activity of Aluscle and Nerve, Brain, 
1915, 38, 191 

18 Langelaan, J W On Muscle Tonus, Brain, 1915, 38, 235 
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mechanism and its more limited forms of movements are not lost, 
but merely subordinated All are utilized in that wonderful harmony 
of perfect movement, yet, underlying this are the various controlling 
and integrating mechanisms which remain as permanent landmarks of 
the slow and devious stages of the evolutionary process 

It IS, therefore, not unreasonable to infer that the two intrinsic 
muscle systems of the striated muscle fiber with their dual innervation 
are under the control of separate correlating centers The sarcoplasm 
with its sympathetic innervation differs so fundamentally in its neural, 
clinical and histologic characteristics from the anisotropic disk system 
that the probability of a separate controlling mechanism can hardly be 
questioned 

I would, therefore, postulate the existence of two distinct corre- 
lating centers for the control of the striated muscular system, one 
related to the nonmedullated system and the sarcoplasmic substance 
of muscle, the other related to the cerebrospinal medullated system 
and the more highly specialized contractile or anisotropic disk system 
of muscle 

Both centers are, I believe, under the control of the efferent pal- 
lidal system of the corpus striatum The loss of the inhibitory influ- 
ence of the motor cells of the corpus striatum m paralysis agitans 
would release these lower centers from control with the static symp- 
toms so characteristic of the disease, namely, tremor and the rigidity 
The tremor follows the release of the inhibitory mechanism governing 
the anisotropic disk system, the rigidity follows the lelease of the 
center controlling the sarcoplasmatic substance of muscle Generally, 
both tremor and rigidity occur in the symptomatology of the disease 
However, in quite a considerable proportion of cases (m some statistics 
as high as 20 per cent ) rigidity occurs alone, and it is by no means 
unusual to observe cases of paralysis agitans which throughout their 
entire course extending over a period of many years have manifested 
no evidences of tremor The frequency of such an occurrence appears 
to furnish strong evidence for the assumption that two separate centers 
exist — one for the control of contractile, the other for the control 
of plastic tonus and which may be leleased independently in the course 
of the disease 

It has long been held, following the teaching of Hughlings Jackson, 
that tremor is associated with and is really a part of the rigidity As 
he so aptly expressed it, "Tremor is rigidity spread thm, and rigidit} 
is tremor run together ” In other words, there is no inherent differ- 
ence between tremor and rigidity except one of degree 
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It IS quite true that m the course of paralysis agitans the evidences 
of tremor disturbance generally tend to dimmish with the progress of 
the disease and the further development of the rigidity This diminu- 
tion I would, however, regard as partly mechanical in its origin, the 
waxhke rigidity and contractures of the musculature diminishing and 
blocking the tremor tendency precisely as it blocks the freedom of 
voluntary and associated movements 

Be this as it may, there stands opposed to the Hughhngs Jackson 
theory the frequent occurrence of the rigid type of paralysis agitans, 
progressing without initial tremor in which the character of the 
rigidity does not differ in any respect from that which accompanies 
cases with well marked tremor This theory then would not adequately 
explain all of the types and various manifestations of the disease 
It would therefore seem reasonable to postulate the existence of two 
distinct centers for the control of the muscle tonus of striated muscles 
one a cento for contiachle tonus which regulates the anisotropic disk 
system through the medullated nervous system , the other a cento for 
plasHc tonus which regulates the sarcoplasmatic substance through 
the nonmedullated nervous system Both of these tonus centers are 
under the control of the pallidal system of the corpus striatum, the 
loss of which may be registered by tremor or rigidity according to the 
system involved 

THE TREMOR 

The third characteristic symptom of paralysis agitans is the tremor 
This curious motor disturbance consists of an involuntary tremor 
movement, rhythmical m character, varying from three to five vibra- 
tions to the second It continues during rest and is therefore spon- 
taneous and not dependent on movement or posture It is, however, 
in no sense an intention tremor as this term is used to describe a 
tremor It often, however, shows the characteristics of an action 
tremor, increasing during the passage of the movement but diminish- 
ing or ceasing as the end of the passage of the movement is reached — 
as, for example, when the finger is carried to the tip of the nose Like 
another involuntary motor manifestation — chorea — it may be exag- 
gerated by incidental occurrences For example, both are increased by 
mental excitement and by motor activity Both usually dimmish 
during mental and physical rest, both cease during sleep There are 
apparent exceptions to this latter statement m severe cases oi perhaps 
when sleep is not profound 

The tremor of paralysis agitans has the same tempo m all of the 
parts affected, and at times nearly all muscles may be involved, includ- 
ing even those of the vocal coids and eyeballs 
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THEORETICAL CONSIDERATIONS ON THE ORIGIN OF TREMOR 

Speculating on these vaiious involuntary motor phenomena such as 
tremor and choiea, it has seemed to me not unlikely that the develop- 
ment of motility has followed a certain scheme in the evolutionary 
cycle, which may be summaiized somewhat as follows The eailiest 
types of motility weie represented by slow plastic movements of the 
sarcoplasm of reflex origin under the control of the sympathetic 
nervous system, Subsequently, with the development of stiiated 
muscles and the amsotiopic disk system, the quick contractions of 
leflex origin followed un.der the contiol of the medullated oi cerebro- 
spinal nervous system 

The next step in the development of motility was the ability to 
pel form quick to and fro movements with its coi relating and inhibitoiy 
mechanism Later, the ability to perform associated movements was 
developed and last of all, the isolated and dissociated movements of 
cortical origin, each group of motor activities having its own con- 
ti oiling and inhibitoiy mechanism 

As these various integiations of neural development weie supei- 
added one on the other m the long piocess of evolutionary develop- 
ment, they were haimoniously welded together Each mechanism 
having reached a certain stage of development probably remained 
stationary, the evolution of motility proceeding along othei lines In 
this niannei, we would have a nervous system whose constituents, 
while welded together and acting harmoniously, represent successive 
and distinct stages of motor development 

A loss of any connecting link in this chain of motor groupings 
would be followed by certain charactei istic symptoms Each link as 
It IS superadded would control or inhibit the previous group, as such 
control would be necessary if higher motor activities are to be pei- 
formed 

A loss of the small association and inhibitory cells of the neo- 
striatum (neostriatal system) as occurs in Huntington’s chorea is 
followed by the choreiform movements which are characteristic of 
this disease The loss of this inhibitory mechanism releases the pal- 
lidal system of the corpus striatum from control, and as a result we 
have the involuntary associated movements which characterize certain 
diseases of stnospinal origin (Hunt^) 

A loss of the cffeient pallidal system as occurs in paralysis 
agitans, releases other lower controlling and inhibitory centers from 
control One of these is the center for the control of contractile tonus 
and the anisotropic disk system of striated muscle When this is 
released, a tremoi results which is characteristic of shaking palsy, the 
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disk system falling into involuntary, rhythmical to and fro movements 
which IS one of the more primitive forms of motility 

The other is a center for the control of plastic tonus and the sym- 
pathetic system of muscles, and when this is released rigidity results 
The tremor of paralysis agitans I would, therefore, regard as an 
im oluntary form of motor activity, 'not dependent on the rigidity 
per se as was suggested by Hughlmgs Jackson, but produced by loss 
of the inhibitory function of the pallidal system on a lower mechanism 
governing rhythmical movements of the anisotropic disk system of 
striated muscles ^ 

GENERAL SYMPTOMATOLOGY 

The essential and characteristic symptoms of paralysis agitans are 
those which have just been considered, namely, a paralysis of automatic 
and associated movements, the waxhke rigidity and spontaneous 
rhythmical tremor All of these symptoms I would refer to atrophic 
changes in the pallidal system of the corpus striatum 

Paralysis agitans is, therefore, a special type of central palsy, due 
to a loss of function of the striospinal system, in contradistinction to 
spastic paralysis, which results from disease of the corticospinal 
system It is properly speaking, therefore, not a disease but a charac- 
teristic type of palsy which may result from a variety of pathologic 
lesions 

Among these may be mentioned such conditions as senile atrophy, 
vascular degeneration, and various gross lesions of the corpus stria- 
tum, for example, softening, hemorrhage, tumors, encephalitis and 
syphilis In a recent study,^^ I have directed attention to various clin- 
ical types of palsy referable to vascular lesions of the corpus striatum 
characterized by hemiplegia, monoplegia and diplegia of pallidal origin 
Paralysis agitans may, therefore, be regarded as a characteristic 
type of central palsy which may be produced by a variety of lesions, 
and IS properly speaking a syndrome and not a definite disease 
Meniere’s disease, which was so long regarded as a distinct affection, 
has been gradually resolved into a number of pathologic entities , this, 
I believe, will be the fate of Parkinson’s disease According to my 

■^Note — ^T he possible relation of a primitive tremor mechanism to early heat 
production in warm-blooded animals is not without interest Barr and 
DuBois” have recently shown in calorimeter studies that the reduction of body 
temperature below a certain point is immediately followed by algid tremors 
with corresponding increase of heat production and rise of temperature In 
this connection it is also of interest to note that according to Zingerle there is a 
slight elevation of temperature in about 23 4 per cent of cases of paralysis 
agitans which may ha-ve some bearing on the subjective sensations of heat 
and flushing which are not uncommon in this disease 

19 Barr and DuBois Metabolism in Malarial Fever, The Archives Int 
Med, 1918, 21, 654 
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conception it is a syndrome, characterized by a special group 
toms — paralysis, rigidity and tremor — but referable to 
types of pathologic lesions and various disease processes 
Many other symptoms associated with our textbook desc; 
paralysis agitans also deserve consideration These, howevej 
as incidental or complicating factors and not essential to 
of palsy 

As the vast majorit}^ of paralysis agitans cases occur i 
senile period of life, many of which last into senility, it i 
prising that evidences of mental disturbance and deterio 
often associated with this disease 

The same is true of certain sensory symptoms, subji 
rarely objective, which are probably referable to associatec 
vascular changes in the optic thalamus To regard these sy 
essential to paralysis agitans would be similar to mcorporati 
sensory symptoms complicating spastic forms of palsy as 
essential and characteristic Such symptoms are referal 
general pathologic processes and are not in any sense p 
' essential to paralysis agitans 

The various secretory, vasomotor and trophic symj 
neither constant nor characteristic, and are to be regarded as 
and not primary manifestations of this form of palsy 

I have already indicated the possible relation of mere 
perature to the tremor movements, and some of the vaso 
i secretory reactions may have a similar origin 

In paralysis agitans, however, we are dealing usually wi 
, in advanced life and with other evidences of marked senr 

so that the organic changes in the brain and spinal cord 
,f means always limited to the pallidal system 
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CONCLUDING REMARKS 

My conception of the nature and symptomatology o 
agitans may be summarized briefly as follows 

The clinical picture to which the term paralysis agitan 
applied, represents a fundamental type of palsy referable 
of the motor system of the corpus striatum This syster 
origin in the large motor cells of the corpus striatum, name! 
of the globus palhdus type, and terminate in relation to 
ganglionic structures of the hypothalamic region, that is, t 
ruber, the corpus subthalamicum and the substantia nigra 
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These cells constitute the chief cellular content of the globus 
pallidus or paleostriatum (paleopalhdal^ cells) They are also present 
in considerable number m the caudate nucleus and putamen or neo- 
striatum {neopalhdal cells) The neopallidal cells are of especially 
large size and constitute veritable giant cells, m this respect suggesting 
a certain analogy to the giant motor cells of the rolandic area (area 
giganto cellularis — cells of Betz) 

The efferent pallidal system of the corpus striatum is a mechanism 
for the control of automatic and associated movement, and exerts its 
function through the medium of the so-called extrapyramidal tracts, 
namely, the rubrospinal and other extrapyramidal motor systems 

The pallidal system of the corpus striatum may be involved in 
various types of pathologic processes There is a pummy atiopJiy of 
the palhdal system, senile atrophy and vascular lesions, gross lesions 
from hemorrhage, softening tumor — indeed, any pathologic process 
localized in the course of the pallidal system may produce some of the 
characteristic symptoms of paralysis agitans In this respect, the con- 
ditions are similar to those of the corticospinal or pyramidal tract 
system in which various pathologic lesions may produce symptoms 
of spastic paralysis 

Paralysis agitans is, therefore, referable to a disorder of the strio- 
spmal system as spastic paralysis is referable to a disorder of the 
corticospinal system 

These conclusions are based on the pathologic findings in three 
cases of paralysis agitans, one of the juvenile type and two of the 
presenile type, in which definite evidences of selective atrophy were 
demonstrable in the motor cells of the pallidal system Corresponding 
to the atrophy of motor cells there was some thinning and atrophy 
of the strio-hypothalamic radiations or ansa system 

As the stno-hypothalamic radiations contain abundant afferent as 
well as efferent fibers, the ansa system appears simply somewhat 
attenuated and does not present the definite histologic picture of 
atrophy as is observed, for example, m the pyramidal tracts where the 
fibers are all efferent and grouped in a compact bundle Much more 
distinctive are the evidences of atrophy in the pallidal cells, which 
stand out quite clearly amidst the normal neostriatal cells of this 
region 

The characteristic symptoms of primary atrophy of the pallidal 
system are paralysis, rigidity and tremor All other symptoms which 
are described m paralysis agitans I would regard as secondary, or as 
complications and associated with some special form of pathologic 
lesion 
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The paralysis is characterized by a loss of automatic and associated 
movements, which are phylogenetically old and represent a lower 
form of movements than are those of cortical origin For this reason, 
such activities as walking, running, rising from a sitting or recumbent 
posture, grasping, etc , show especial involvement 

The loss of certain automatic and association activities of the 
muscles of expression are clearly demonstrable in the face The 
corpus striatum, therefore, contains the motor center for the emotional 
innervation of the face 

The rigidity and tremor of paralysis agitans are referred to a loss 
of striatal inhibition, the corpus striatum controlling muscle tonus as 
does the cerebral cortex When this inhibitory function is abolished 
hypertonicity results 

As the striated muscle fiber has a dual innervation and function, a 
correlating center or group of centers for the control of these two 
systems is believed to exist One of these controls the anisotropic disk 
system which subserves the function of the quick contraction or the 
twitch , the other controls the sarcoplasmatic substance and the more 
plastic contraction of the muscle It is thought that the independent 
occurrence of a treuioi and a iigid type of the disease may be explained 
on the basis of this hypothesis 

We must recognize, therefore, in the central nervous system, three 
systems which subserve the functions of motility A segmental system 
with Its various reflex functions, the sh lospxnal system with its control 
of automatic and associated movements, and the coikcospmal system 
Avith Its higher quality of discriminative and dissociated movements 
All three systems represent different stages of evolutionary develop- 
ment, and all are concerned in the elaborate function of motility 
Each system as it is superadded utilizes those of earlier development 
Therefore, in nearly all movements these various components are 
represented, the degree of representation varying with the character 
of the movement 


20 For complete bibliography consult chapter on Paratysis Agitans in 
Lewandowsky’s Handbuch der Neurologic, Yol III, pp 931 and 956 
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Medical War Manual No 6 Authorized by the Secretary of War and under 
the Supervision of the Surgeon-General and the Council of National 
Defense Laboratory Methods of the United States Army, Compiled by 
the Division of Infectious Diseases and Laboratories Ofhce of the Sur- 
geon-General, War Department, Washington, D C Illustrated Phila- 
delphia and New York Lea and Febiger, 1918 Price, $1 SO 

The money value of medical service including sanitary work is hard to 
compute, but many clear headed people who know something about the situa- 
tion believe that much of the cost of our share in the war will be made up 
within a short time by the increased efficiency of the medical profession 
No country in any period has so well prepared the medical service of its 
armies, none ever put into execution such far reaching training of its medical 
officers Most of these will ultimately return to civilian practice 

This little book expresses the spirit of the Army Medical Corps and 
furnishes the model for such aids to practical work as every house officer and 
every laboratory worker needs daily It can easily be carried in the pocket 
From the remarks on the “Responsibilities of the Laboratory” and the “Gen- 
eral Rules for the Conduct of the Laboratory” to the last paragraph, the 
book IS packed with sound and accurate matter The reviewer is tempted to 
quote, but selection is difficult when there is so much excellence How impor- 
tant is Rule 6 “Label every thing and do it legibly,” and Rule 12 “Remem- 
ber that it IS as important to keep accurate records as to carry on accurate 
tests ” In every section are numerous details such as experienced laborator} 
workers unconsciously use, but that are often unknown to many others In 
the under-staffed laboratories of medical schools and civil hospitals such things 
are likely to be missed in personal teaching, but can be learned by careful use 
of this manual The value of the work in places where books are necessarily 
few can be seen by noting that it contains not only all the most useful methods 
given in laboratory manuals, but also sections on the sanitary examinations of 
milk and water, examinations for poisons, purification of water supply, and 
methods of sewage disposal Criticism is invited, but little has been found 
to criticize except minor details The headings for methods might be better 
if made uniform The mixture of bold face and roman, of center and side 
heads is sometimes confusing Under blood staining on page 46, it is said 
that with Wright’s stain “sometimes if the preparation looks very bluish and 
under the microscope the red cells have a greenish blue tinge, the proper pink 
color can be brought out by washing the smear quickly with a few drops of 
the original undiluted staining fluid ” As given earlier, washing longer with 
distilled water will do the same thing better In examining for amebas in 
feces It IS said that “the specimen is fished with a large platinum loop ” Con- 
sidering the need of the government for platinum for other purposes it might 
be said that two wooden tooth picks serve just as well 
A wide use is predicted for the little volume and 
from its use 


much satisfaction 
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INTENSIVE STUDY OF FIFTY CASES OF NEURO- 
CIRCULATORY ASTHENIA 

REPORT ON FinV CASES OP SO-CALLED CONSTITUTIONAL NEURO- 

CIRCULATORY ASTHENIA * 

ALFRED FRIEDLANDER, MD (Cincinnati) 

Major, M C , TJ S Army, Chief of Medical Service, Base Hospital 

AND 

WILLIAM L FREYHOF, MD (Cincinnati) 

Captain, M C, U S Army, Cardiovascular Specialist, Base Hospital 

CAMP snniMAN, OHIO 

With the recognition of a cardiac class for remediable military 
recruits after the elimination of the unquestionably unfit, the so-called 
constitutional cardiac neuiotic piesenls an extremely difficult problem 
We have attempted to study intensively fifty such cases taken from 
all varieties of military service-men deemed unfit for overseas duty 
and who, in contradistinction to the possible infectious and functional 
gioup, were selected because of the constitutional or pre-enhstment 
nature of then complaint This so-called neurocirculatory asthenic 
who reports for military duty has not been subjected to the strain of 
early training, iior has he recently suffered severe infection Fie has 
complained of cardiac distress for years He is made of poor material 
that has been constantly irritated FIis stait m life is only fair at best, 
and therefore, with added external and internal irritation he becomes 
a pooily disciplined waster of nervous energy 

This group IS particularly susceptible to external stimuli These 
men have allowed themselves to spend their nervous energy so 
recklessly that they are constantly on the threshold of stimulation and 
any slight nntation, emotional or otherwise, pushes them over the 
border and they respond as recklessly as they have always been 
accustomed to With this point m view we have not consideied this 
^ It jHsl so happened that in the 

Submitted for pubhcation Aug 13, 1918 
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business of sorting, these cardiac neurotics were grouped together 
Knowing the external stimuli, an investigation was attempted to find 
and remove all foci of irritation of an internal nature At the same 
time a system of exercise was adopted m which men passed from mild 
to higher grade exercises in conjunction with route marches of one to 
SIX miles with and without light and full pack Five groups vere 
established, and after three days the man was moved to a higher grade 
exercise under favorable circumstances along with games and com- 
petitne drills At the outset it was impressed on the men that they 
were not patients, but men under strict military discipline A com- 
petent drill sergeant lived \Mth the men and became both their leader 
and adviser Competition and special privileges, along with a certain 
amount of pride in the police of their barracks, soon brought out the 
best that was in them With the men satisfied with their surroundings, 
doing vork and playing games within their limit of tolerance, all 
external stimuli were easil}’’ controlled At the same time the internal 
stimuli or foci of irritation were rigidly investigated The accompany- 
ing tables attempt to analyze this situation, and prove that there are 
definite foci which tend to low'er the man’s ner\e capital and increase 
the oftensive force to a point far above his defensive With graduated 
exercise and discipline w^e hope to build up this defensive force and 
eliminate the offensive by remoAal of all irritating foci both internal 
and external 

The followung schedules present the plan of procedure and take a 
typical case through the entire course The tables present summaries 
of our study of fifty cases of so-called neurocirculatory asthenia We 
ha\e attempted to analyze these cases after the method of Thomas 
Lewis^ of England 

At present no attempt is made to draw sw'eeping conclusions from 
these studies, wEich are herewith presented as a preliminary con- 
tribution to the subject , 

Past Histoiy—Pievalence of Past /n/cctmn —Measles, wdiooping 
cough and tonsillitis seem to ha^ e played the greatest roles in the past 
history of the cases under obser\ation Gonorrhea, pneumonia, scarlet 
^e^ er, rheumatic arthritis and typhoid are next in frequency, and it is 
to this group of diseases that 22 per cent of the patients date the onset 
of their present condition > 

1 Report of Medical Research Committee, Series No 8 Reports on Soldiers 
Returned as Cases of “Disordered Action of the Heart” (D A H ) or 
valvular Disease of the Heart” (V D H ) 
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TABLE 1— T\pical Case Record 
OAKBIOVASOULAR CASE RECORD EO 


Ranlc, Pvt 
Race, White 


Co 

Service (A'rs , 8/12) 


Inf 


Eame, S T Z 

Age, 22 jeais 
Occupation, I'armer 
Invahtied, In training 
History —E-imily—Mateinal uncle T B 
Bast— Measles, peitussis 
Hahits— No ugarets 4 Cigars 2 

r/'rso BepaW,„.J, Three 

Tes Palpitation, ITes Painting, No Giddiness, Acs Sweating, No Plusl g, 
No Cough, No Wealness, No Nervousness, Aes 

IXophthnlmos, No Diarrhea, No 


-Mothci vciy nor\ous- 
Pipes 0 Chens 3 


-Grandfather, cancer 
Alcohol moderate 


Tlijroid Gland— Tumor, No Tremor, Tes 
Cardiac Status on Admission 
Thrills— None 

Apex Impulse — 5th Space 9 0 cm M E 
Borders— R 3d Space 3 0 cm ME 
E 5th Space 10 5 cm ME 
Sounds— Base, P 2 = A 2 
Apex, Clear 
Murmurs— Apex, None 
Base, None 
Exercise Test 

Standing Bate 144 

Recumbent Rate 12() 

Rec after Ex Rate 150 
Rate 132 


Cardiac Status on Dischaigc 
Thrills— None 

Apex Impulse — 5th Space 9 0 cm M E 
Borders— R 3d Space 3 0 cm ME 
E 5th Space 10 0 cm ML 
Sounds— Base, Clear 

Apex, Impuic 1st apicil 
Murmurs — Apex, None 
Base, None 
Excicise Test 

Stinding Bate 84 

Recumbent Bate 84 

Bee after Ex Rate 9fa 

Rce 2 min Rate 84 

Arrhj thmia— Respiratory 
Bid Pr— Systolic 130, diastolic 84 


Rec 2 mm 

Arrhythmia — Respiratory 
Bid Pr — Systolic 144, diastolic 95 
Group Progress— Good, highest grade exercises nell tolerated 
Weight, 6 Day Interr als— 149, 154, 156, 154, 158, 154, 159, 154 

Date of Admission — 5/15/18 Discharge — 7/l~>/lS Obsen ation lime C_ days 

Final Disposition— Unrestricted military duty 
Diagnosis— Neurocirculatory asthenia, constitutional 


TABLE 2 — ^Typical Case Record 


CASE RECORD NO 

Name~S T Z Ranh— pyt Co Regt Inf 

General Physical 

Cardiac , 

Psychiatric 

General Appearance — Erect, 
yvell developed and tanned, 
dermatographia 

Lungs— Clear 

Abdomen— Negative 
Extremities— No cyanosis, 
hands clammy 

R C D— Within limits 
Sounds— P 3 = A 2 

Murmurs— None 

Fxercise— Response fair 
Action— Rapid, regular 

Negative 

Mental Age— Adult 

Neurological 

t 

Ear— Nose— Throat j 

Dental 

K R —Coarse tremoi of 
tongue, hands extended 

' ’ t j 

Ears — Negative 

Nose — Nasal spur Lt 

Throat — ^Tonsils hyper hi 
lateral 2 x, pus present ! 

Trans — Negative 

Diag — Tonsillitis, chrome, ' 

suppurative 

R-14, Dental alyeolar ah 
scess Indication for ex- 
traction Incomplete 

D A A — R 14 extracted 
Conductive anesthesia 

Gastro Ent'-rologieal 

Gemto-Urmnrv ’ 

X-Ray 

History— Physical examina- 
tion, stool and stomach 
analysis, negative 

Prostate — ^Normal 

R U L U 

. 20 30 

E M 

55 

EL EE 

4 0 10 0 

Gastro Intestinal— Negative 


Laboratory 


Blood 

Urine j 

j Stool 

Hemoglobin— 70% 

Red— 7,184 000 

White— 0,600 

Differential— Not indicated 

Color— Eight strayy 

Appear a nc&— Clear 

Reaction— Acid 

Sp Gr —1 022 

Albumin — ^Negative 

Sugar— Negative j 

Microscopic— Negative 

Color— Dark broyvn 
Consistence— Solid 

Mucus — ^Negatum 

Blood — Negatiy'e 

Microscopic — Negatiye 


Massermann Negatne Prostatic Smear— Negatne 
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TABLE 3 —Reconstruction Schedules 
U S ARMY BASE HOSPITAL, CAMP SHERMAN, OHIO 

Daily Scliedule lor “Reconstruction” Hospital 

A M G 00 First call 

6 20 Fully dressed, police around ward 

7 30 Breakfast, mop floors and clean up details 

8 00 Exercises 

9 00 Plnsical exaimnations, review marching order 

11 00 Absolute rest on beds 

12 30 Mess 

PM 1 00 Recreation 

2 00 Exercises and route marches 

3 00 Games 

4 00 Police and clean up 

5 00 Mess 

G 15 Retieat 

9 00 Taps— All lights out 


Schedule of Exercises Cardiovascular Reconstruction 



Exercise 

Time 


Days 

Group 1 

1 

15 min 


3 


lA 

30 min 


3 

Group 2 

2 

15 min 


3 


2A 

30 mm 


3 

Group 3 

3 

15 mm 


3 


3A 

30 nun 


3 

Group 4 

3A and 1 

30 mm 

at 1 mhc 

3 


3A and 2 

30 mm 

at 2 miles 

3 


3A and 3 

30 nun 

at 3 miles 

3 


34 and 4 

30 mm 

at 4 miles 

3 


34 and 5 

30 min 

at 5 miles 

3 


3A and 6 

30 mm 

at 0 miles 

3 without pack 

Group 5 

3A and 7 

30 min 

at 6 miles 

3 with light pack 


3A and 8 

30 mm 

at 6 miles 

3 with full pack 


Total 42 days 


TABLE 4 — Reconstruction Schedules 

U S ARMY B4SE HOSPITAL, CAMP SHFRMAN, OHIO 


Graduated Exeicises of Cardiovascular Reconstruction 


Position 

Arms to thrust, raise 
Arms to thrust raise 
Hands clasped back head 
Hands on hips, place 
Arms extended, raise 
Arms extended, raise 
Arms backward, cross 
Attention 


Hands on shoulders, place 

Arms backward, cross 
Hands clasped back head 
Hands on hips, place 
Hands on hips place 

Hands on hips, place 
Arms extended, raise 
Hands on hips, place 
Attention 


Hands on shoulders, place 

Hands on hips, place 
Hands on hips, place 
Hands on hips, place 
Hands over head, raise 
Arms to thrust, raise 

Arms on hips, place 

Hands on hips, place 
Attention 


Exercise 1 
Exercise 

Raise and lower shoulders 
Shoulders back and forward 
Head forward and back 
Head twist, left and right 
Clinch and open flst 
Describe circles palms up 
Quarter bend knee 
Breathing exercise, inhale and 
exhale 


Exercise 2 

Thrust arms forward, sideward 
and upward 
Quarter bend forward 
Head forward and backward 
Raise on toes 

Extend leg forward, ankle high 
and knee high L and R 
Raise leg sideward L and R 
Describe circles 

Raise tnee to level L and R 
Breathing exercise, inhale and 
exhale 


Exercise 3 

Arms forward, upward, sidew ard 

Full knee bend 
Bow oblique to L and R 
Bend trunk backward 
Bend and touch toes 
Step and strike obliquely to left 
and right 

Extend leg forward, ankle high 
and waist high L and R 
Rotate head L B R 
Breathing exercise, inhale and 
exhale 


Command Count 
Up, down 15 times 

Front, back 15 times 

Front, back 15 times 

Left, right 10 times 

1, 2 20 times 

Back, front 1 mm 

1, 2 15 times 

Arms forward, 10 times 
up, back, 
downward 


1, 2, 3, 4 
1 2 

Front, back 

1,2 

1, 2, 3, 4 


10 times each 

10 times 
15 times 
15 times 
15 times each 


1, 2, 3, 4 10 times each 

Back, front 1 min 

1, 2, 3, 4 15 times 

Arms forward, 10 times 
up, back, 
downward 


Front, up, 
down 
1,2 

1. 2, 3, 4 
1,2 
1,2 

1, 2, 3, 4 


20 times each 

8 times 
10 times 
10 times 
8 times 
15 times 


1, 2, 3, 4 10 times each 

1, 2, 3, 4 10 times 

Arms forward, 10 times 
up, back 
downward 
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TABLE 5 — Past Intlctions 




Per Cent 


J!?0 

Per Cent 

Measles 

46 

92 

Rheumatic arthritis 

7 

14 

Pertussis 

36 

10 

Typhoid 

7 

14 

Tonsillitis 

30 

GO 

Diphtheria 

4 

8 

Gonorrhea 

13 

2C 

Malaria 

3 

C 

Pneumonia 

12 

24 

Mumps 

2 

4 

Scarlet fever 

11 

22 

Meningitis epidemic 

1 

2 


Camp Sherman, Ohio. CARPIO -VASCULAR Re-EXAMIWATIOWS Dispositioi 

30 PER 1000=354 



Piesent Condition Pi evalence of Symptoms — Pam was the most 
frequent symptom complained of The location of the pain was usually 
m the precordial region, at times in a well defined area, but again 
seemed to be a hyperalgesia of the chest wall Dyspnea on exertion, 
paroxysmal palpitation, giddiness, nervousness, weakness, sweating and 
flushing were next in order of frequency of occurrence No one symp- 
tom piedominatcd Precordial distress including dyspnea, pain and 

palpitation, nervousness, weakness and giddiness characterize the 
syndrome 
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TABLE 6 — Present Symptoms 



No 

Per Cent 


No 

Per Cent 

Preeordnl pnin 

44 

88 

Nervousness 

22 

44 

PTSpneT 

40 

80 

Weakness 

22 

44 

Palpitation 

37 

64 

Plushing 

16 

32 

Giddiness 

27 

54 

Fainting 

5 

10 

Sti eating 

27 

54 

Gough 

4 

8 


Picvious Occupation — Civilian Life — A large portion of this class 
IS drawn from those having sedentary oi light occupations Forty per 
cent of the group under study belong to this class This percentage 
might even be increased to 53 per cent , since we list 13 pei cent as 
farmers who call themselves such merely because they live on a farm 
and do light work 

TABLE 7 — Premous Occupations of Fifty Patients 



No 

Per Cent 


No 

Per Cent 

Fin er — light uork onls 

13 

20 

Fngineer— stationarj 

1 

2 

Clerks 

12 

24 

Fngineer— civil 

1 

2 

Mechanics 

4 

8 

Attorney 

1 

2 

Carpenters 

O 

0 

Contractor 

1 

2 

Electricians 

0 

4 

Merchant 

1 

2 

Illustrators 

o 

4 

ICTvelcr 

1 

2 

Coal miners 

0 

4 

Optician 

1 

2 

Laborers— common 

2 

4 

Barber 

1 

2 

Printer 

1 

2 

Bartender 

1 

2 

TA.BLE 8— Military 

Service when Invalided (Fiftv 

Patients) 


^0 

Per Cent 


No 

Per Cent 

Infantry 

35 

70 

Artillerj— heavy 

2 

4 

Machine gun 

7 

14 

Signal— field 

2 

4 

Quartermaster 

2 

4 

Engineers 

2 

4 


Onset of Syniptonis — The patients’ statements as to onset, cause 
and duration of symptoms are rathei indefinite Twenty-two per cent 
gaAe a history of a sudden onset and these dated their condition from 
some preMous illness, although this entire group had been more or 
less nervous and below par since childhood In 78 per cent the onset 
was gradual and the majority of these could give no definite reason 
or cause for their present condition In most cases repetition of 
symptoms occurred with exercise, many others were due to emotional 
disturbances, and the remainder persisted constantly 


TABLE 9 — Occurrence of S\mptoms 



No 

Per Cent 


No 

Per Cent 

Onset — sudden 

n 

22 

Ascribed Cause of Onset — 



Onset — gradual 

39 

78 

Patients’ Statements 



Repetition — with exercise 

23 

50 

Malaria 

1 

2 

Repetition — 11101 emotion 

10 

20 

Railroad accident 

1 

2 

Repetition — constant 

15 

30 

LaGrippe 

2 

4 

Ascribed Cause of Onset — 



Tj plioid 

0 

4 

Patients’ Statements 



Pneumonia 

2 

4 

Cause unknown 

31 

62 

Scarlet fever 

1 

2 

Oierwork — sudden strain 

5 

10 

Gonorrhea 

1 

2 

Oi ertrained 

2 

4 

Bronchitis 

1 

2 

Overheated 

1 

2 
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Duration of Symptoms— Foity-seven out of the fifty cases under 
obseivation gave a histoiy of nervousness and cardiac distress previous 
to induction into military service Development of symptoms followed 
scarlet fever in one case and the severe strain of overtraining in two 

cases 


TABLE 10 — ^Duration or Symptoms and Years of Service 
A verage Duration of Symptoms 


Teais 

20 

No 

2 

Per Cent 

4 

Years 

6 

No 

6 

Per Cent 
12 

18 

1 

2 

5 

5 

10 

IG 

2 

4 

4 

4 

8 

13 

1 

2 

3 

11 

22 

10 

6 

12 

2 

3 

6 

9 

1 

2 

1 

1 

2 

8 f 

2 

4 

1/4 

1 

2 

7 

2 

4 

1/12 

2 

4 


Average Tears Service vlicn Imalided 



Years 

No 

Per Cent 

Years 

No 

Per Cent 

9/12 

2 

4 

4/12 

1 

2 

8/12 

14 

28 

3/12 

2 

4 

7/12 

8 

16 

2/12 

8 

16 

6/12 

1 

2 

1/12 

13 

26 

5/12 

1 

2 




General Physical Status — The majoiity of 

this group 

showed 


vasomotor instability as evidenced by alternating flushing, pallor, cold, 
cyanotic, clammy extremities and marked evidence of dermatographia 
Fifty-two pel cent were robust and well developed, while 40 pei cent 
were rather slender, flat-chested and showed poor muscular tone 
One man had a right side empyema following pneumonia Examina- 
tion of the lungs sho'ved no evidence of stiuctural change 



TABLE 11 — General Phisical Status 



Well developed 

No Per Cent 
26 52 

Dungs— empyema sear 

No 

1 

Per Cent 

2 

Poorly developed 

20 40 

Congenital asymmetry (face) 

1 

2 

Dermatographia 

40 80 

Cyanotic extrenities (clammy) 

40 

80 


Caidtac Status — No one in the entire group presented evidence of 
structural cardiac change The relative cardiac dulness was constantly 
within normal limits Twenty-two per cent had functional apical 
murmurs, while 28 per cent had accidental pulmonic systolic mur- 
murs Two men showed impure first apical sounds, while two had a 
reduplication of the first sound The i espouse to exercise was fair in 
40 per cent , good m 50 per cent and poor in 10 per cent The exer- 
cise test was “One hundred hops on the left foot ” Ten per cent of 
the men had an apical systolic thrill palpable after exercise or excite- 
ment A respiratory arrhythmia more marked m some than in others 
was present in all cases 
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TABLE 12 — Cardiac Status 


Relative cardiac dulness -nithm normal limits 

No 

50 

Per Cent 
100 

Murmurs Functional apical systolic 

11 

22 

Accidental pulmonic systolic 

14 

28 

Sounds Impure first apical 

2 

4 

Reduplication first apical 

2 

4 

P-2 greater than A-2 

17 

84 

A-2 greater than P-2 

8 

If) 

Response to E\ercise Pair 

20 

40 

Good 

25 

60 

Poor 

5 

10 

Action Rapid 

44 

88 

Arrhj thmia— respiratory 

50 

100 


Thy} Old Status — Twenty per cent of the cases under observation 
presented thyroid tumor to a greater or less degree This is not 
unusual appearing in men drawn from the Ohio Valley region Tremor 
was present in 96 per cent of the group, and a mild degree of exoph- 
thalmos appeared in 6 per cent of the cases History of diarrhea was 
not elicited Little importance is attached to these findings as a pos- 
sible factor of causation of the syndrome under discussion 

TABLE 13 — ^Thyroid Status 



No 

Per Cent 


No 

Per Cent 

Tumor 

10 

20 

Exophthalmos 

S 

6 

Tremor 

48 

96 

Diarrhea 

0 

0 


Ea}, Ahse aitd TJnoat as Foa of Imitation — The nose and throat 
seem to yield the largest number of portals of entry for irritation and 
infection Of the group under study the tonsils are the worst 
oftenders, 90 per cent having chronic suppurative tonsillitis Thirty- 
two per cent of the men showed deviation of the nasal septum, 20 per 
cent chronic sinusitis, while 8 per cent gave evidence of otitis media 


TABLE 14 — Status of Ears, Nose and Throat (Fifty Cases) 


Ears Otitis media, chronic, 
suppurative 

No 

4 

Per Cent 

8 

Sinuses Chronic sinusitis 
Throat Tonsillitis, chronic. 

No 

10 

Per Cent 
20 

Nose Deviated septum 

16 

32 

suppurative 

45 

90 


Teeth and Mouth as Foci of Imfation — The teeth and mouths of 
the men under observation showed evidence of recent dental attention , 
in fact, 66 per cent of the group presented no evidence of oral infec- 
tion Thirty-four per cent gave positive findings of a degree indi- 
cating extraction Following this procedure and aftei cleaning up the 
mouth infection, a definite, marked improvement was observed, not 
only in general conditions, but a specific beneficial result was noted m 
the heart rate and character of the response to exercise This is in 
accord with the view that systemic irritation results more fiequently 
from nonencapsulated granulomas on the apices of teeth than from 
definitely encapsulated blind abscesses All cases under observation 
show the former condition 



ECLMBER. 1918 


NEUROCIRCULA TORY A ST HEN I A 


701 


TABLE 15— Oral Infections (Fifty Casks) 
No Per Cent 

No cTidence ol oral infection 33 Dental alveolar abEce'5s 

Gangrenous pulps 3 0 Carious roots 


No 

O 

Ki 

11 


Per Cent 
6 

22 


Gemto-Unmry Status -- AW patients under obseivation denied 
syphilis, while 24 per cent (twelve in the <^’'oup of fifty) admitted 
gonorrhea Of the Wassermanns made on\’* cases, only two (or 
4 per cent ) were returned positive (H — h) These men were imme- 
diately subjected to rigid anlisyphihtic treatment 

No man presented an active gonorrhea Rectal examination of the 
prostate showed 10 per cent to be soft and slightly enlarged, 10 per 
cent moderately enlarged, 6 per cent small and nodular, the remainder 
normal Only one case presented a tender and enlarged right seminal 
vesicle Smears made of the expressed secretions following prostatic 
massage were all negative, no gonococci being demonstrated 

Uune Analysts — Routine urine examination failed to reveal any 
unusual findings, the few ordinary tests made being negative An occa- 
sional trace of albumin appeared following heavy marching, but was 
only of a temporary nature 

Blood Counts — Average blood counts made on the fifty men showed 
very little of interest The average red count was about 5,190,000, 
white count 8,700, hemoglobin 90 per cent This ratio persisted through 
training Ten cases showing low hemoglobin percentage on admission, 
after two months forced feeding and graduated exercises showed 
marked improvement and higher hemoglobin percentage, approaching 
normal on discharge 

Foci of Irntattion — Psycho-New otic Factors — Psychiatric and 
neurologic investigations made on the group under observation yielded 
the data given in Table 16 


( 

I 


TABLE 16 — Psychiatric and Neurologic Data 


PamHj Historj 

Per Cent 

Personal Historj 

Nenousncog 

72 

Previous nervousness 

Alcoholism 

10 

Alcoholic excess 

Insanity 

2 

Psjcliasthenm 

1 piiepsj 

2 

Neurasthenia 

Tuberculosis 

36 

Tpilcpsy 

Carcinoma 

8 

Tobacco cvecss 

Head Injuries 


Per Cent 
61 
4 
8 
i 
0 
10 
4 


Definite evidence of psychasthema was obtained in four men, one 
of whom was a lehgious fanatic Two were definite neurasthenics, 
while four showed positive neurologic findings The mental age was 
taken of each case m order that a more definite status might be estab- 
lished Fifty-six per cent of this group measured normal adult men- 
tality, while 44 per cent ranged from 8 to 15 years of age 
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TABLE 17— Comparing Age with Mental Age 


Per Cent Mental Age* Per Cent 

2 Adult 

2 15 6 

2 14 <> 

8 12 10 

G 11 2 

4 10 6 

4 9 4 

12 8 4 

14 
14 
12 


0 * Binct combined point— Yerkes 

2 Bridges scale 


In the group under observation it so happened that we were able to 
study the syndrome under discussion in twins These men were 22 
years of age, well developed and farmers by occupation The family 
histoiy showed the mother to be very nervous The men said they 
had been nervous since childhood, one dating the onset of symptoms 
four years, the other sixteen years previously They served in different 
regiments and when invalided the one had had three-twelfths yea.v, the 
other eight-twelfths year training After completing the course of 
graduated exercise, both showed marked improvement and were 
returned to full duty These two men were not malingering Indeed, 
they were most anxious to return to full military duty Both were of 
normal mental age, but had since childhood labored under the impres- 
sion that they were definite “cardiacs ” Examination revealed no 
evidence of structural cardiac change After cleaning up their very 
bad mouth and tonsil condition, regulating the diet and graduating 
their exercise, these men are now rather formidable soldieis, doing full 
military duty 

Their improvement is shown in the accompanying table (Table 18) 
Heart and respiratory rates with blood pressure readings were taken 
before and after treatment 


TABLE 18— Showing Improvement of Twins on Graduated Exercise* 



Pulse 

Respiration 

Blood 

Pressure, 

Systolic 

Blood 

Pressure, 

1 Diastolic 

Return 

to 

Normal 

Before 

After 

Before 

After j 

Betore 1 

After i 

Before 

After 

Minutes 

D 0 on admission 

108 

144 

IG 

18 

140 

1 

170 1 

90 

90 

3 

D C on discharge 

80 

I 104 

15 

10 

124 

136 

84 

84 

2 

D L on admission 

116 

150 

10 

18 

144 

100 

94 

00 

SVe 

D L on discharge 

80 

116 

10 

17 

130 

140 

90 

94 

2 


* Record ol twins aged 22 jears Duration of sjmptoms 4 and 16 jears Motlier ten' 
nerv ous rxcrclse used, 100 hops on left foot Obscri ations made before md after 


GasU 0 -Intestinal Status — (Report by Capt Robert McCaughey ) — 
The fifty men were asked if they believed themselves to have any 
stomach or bowel trouble Forty-four — 88 per cent — answered m the 
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negatue Six — 12 pei cent — made positne declarations As to past 
stomach or bowel tioiibles thirt_y-eight — 76 per cent — reported nega- 
tn e, tw eh e — 24 per cent — positn e 

t 

Declaration 

Present Past 

Positi\e Negatne Positne Negatne 

6 12% 44 88% 12 24% 38 . 76%. 

Histor}” and examination showed that twenty-fit e (50 per cent) 
were fiee from gastro-intestmal irritation, and the same number were 
found to have definite histones and findings of such trouble Of these 
tw^enty-fite positne gastro-intestinal cases, seten (14 per cent) had 
intestinal stasis of the atonic type, one (2 per cent ) of the spastic 
type, and one (2 per cent ) had periodic stasis as showm by the history 
Three (6 per cent ) had intestinal stasis associated wuth gastric atony, 
nine (18 per cent ) associated wuth chronic inflammation Secondari 
or primary gastric iriitation was found in four (8 per cent) of the 
group studied 

TABLE 19 — G iSTRO-IxTbSTiXAL Status 


No Per Cent 


Positive gastro intestinal cases 
Intestinal Stasis 
Atonic type 
Spastic t^pc 
Periodic tjpc 

Associated with gastric atony 
Associated vith chronic mflamnintion 
Secondary-primary gastro intestinal irritation 


Number 

Name 

Declaration, pres- 
ent 

Declaration, past 
History 

Stomach empty 

Greater curva 
ture 


50 cases studied 

TABLE 20 — Intestinal Stasis 


BJ GJ or MJ 


Neg Ncg Neg 
Ncg Neg Pos 


4% hrs 4'/^ hrs 5 hrs 6 hrs 


ture Crest Crest Crest Crest 

minus 1 plus 1 minus 1 
inch inch inches 

Transverse colon Lou Kinl, Kink Lou 

Intestinal tract 

empty 72 hrs 90 hrs 96 hrs 96 hrs 

Lumen of colon Normal Normal Normal Normal 

^ype Atonic Atonic Atonic Atonic 

Diagnosis Chronic intestinal atony 


Chronic intestinal stasis, atonic type 
Chronic intestinal stasis, spastic type 
Chronic intestinal stasis, periodic 

Intestinal stasis, total 


5 

6 

7 

8 

E M 

G H 

M W 

K W 

Neg 

Ncg 

Neg 

Neg 

Neg 

Ncg 

Neg 

Ncg 

Pos 

Pos 

Pos 

Pos 

4% hrs 

6 hrs 

Ghrs 

6 hrs 

Crest 
minus 2 
inches 

Crest 
minus 5 
inches 

Crest 
minus 2 
inches 

Crest 
plus 1% 
inches 

Low 


Kmk 

Low 


12 hrs 

72 hrs 

72 hrs 

48 hrs 

Normal 

Normal 

Normal 

Spastic 

Atonic 

Atonic 

Atonic 

Spastic 






50 cases studied 
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Three patients — 6 per cent — had with the atony of the bowel an 
associated atony of the stomach 


TABLE 21 — INTESTI^AL Stasis Associated with Gastric Atom 


Numbtr , 

1 

2 

1 3 

1 

Xame j 

T P 

T H 

j R L 

Declaration, present 

Negative 

i Negative 

Negative 

Declaration past 

Positive 

Negative 

Negative 

Histort 

Positive 

Posltire j 

Positive 

Stomach empty 

6 (plus) hrs 

C (plus) hrs 

C (plus) hrs 

Greater currature 

Crest minus 2 in 

Crest minus 2 in 

Crest 

Transverse colon 

1 

Low 

Kinhcd 


Intestinal tract emptr ^ 

72 hrs 

120 hrs 

72 hrs 

Lumen of colon 

Normal 

Normal 

Nonnal 

Diagnosis 

Chronic gastric am 

3 intestinal atonj 



Chronic gastric and intestinal atonv 3 C per cent 

jO cases studied 


Nine patients — 18 per cent — had with intestinal stasis, chronic 
inflammatory changes of the mucosa 


TABLE 22 — Intestinal Stasis Associated mith Chronic Inflammation 


Number 

1 

2 j 

3 

4 

5 

6 

7 

! 8 

) 

i 9 

Name 

M P 

H O 

D H 

S J 

K H . 

J A 

C L 

D G 

B H 

Declaration, present 

Neg 

Reg 

Neg 

Pos 

Pos 

Pos 

Pos 

j Neg 

1 Neg 

Declaration, past 

Neg 

Neg 

Pos 

Pos 

Pos 

Pos 

Pos 

1 Pos 

j Pos 

Histor3 

Pos 

Pos 

Pos 

Pos 

Pos 

Pos 

Pos 

1 Pos 

Pos 

Stomacli contents, lav 
ets 

1 

t 

1 

1 


2 

2 

1 


i 

! 3 

S 

Mucus span | 




2 inch 

2 Inch 



, 2 inch 

2 inch 

Tree HCl 




56 

55 



1 50 

57 

Stool mucus 

Neg 

Pos 

Neg 

Pos ’ 

Neg 

Pos 

Pos 

1 Pos 

Nog 

Number of stools 

2—6 

2—5 

0 — 5 

0—6 

0-6 

0—1 

1 

1—6 

2—3 

Intestinal tract emptv 

48 hrs 

72 hrs 

48 hrs 

96 hrs 

72 hrs 

48 hrs 

48 hrs 

; 48 hrs 

90 hrs 

Diagnosis 

Chronic colitis with stasis 

Chronic enterocolitis 
with stasis 

'Chrome gastro 
' enterocolitis 
j nith stasis 


Chrome colitis rnth stasis 
Chronic enterocolitis iiitb stasis 
Chronic gastro-enteroeohtis ivitli stasis 


t 8 per cent 

3 6 per cent 

2 i per cent 


Stasis associated -with chronic infiammation— totn 

50 cases studied 


9 18 per cent 


Four patients 8 per cent ^liad evidences of either secondary oi 
primary irritations, other than as classified in the foregoing 
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TABLE 23 — Secondary Castro-Intestinal Irritation 


Number ^ 


1 


2 

3 

1 

Name 


B W 


G J 

i C 0 

1 

Declaration, present , 


Positive 


Negative 

Positive 

Declaration, past | 


Positive 


Negative 

Positive 

History I 


Positive 


Suggestive 

Positive 

Titration free HCl i 


59 


67 

71 

Stomach content af- ! 
ter 50 minutes J 


100 c c 

90 


05 c c 

21 

60c e 

45 

Quotient 


20 

1 

i 

44 

15 

Fmpty stomach 

1 

10 e c 


2o C C 

33 C C 

Mucus in stomach 


Negative 


Positive J 

Positive 

Occult blood m stom 
acli 

i 

1 

Negative 


Negative 

Negatia e 

Occult blood in stool | 

i 


Negative 


Negative 1 
Positive 1 

1 

Negative 1 
Positive 1 

Diagnosis and Re- 
marks 

1 

1 

1 

I 

! (Two attacks jaun 
dice with pain) His 

1 torv and physical 
[ examination makes 
i gallstones most 
hkelj 

1 

Interstitial hepatitis, 
ilcoholic, large In cr 
2 cm below costal 
arch, firm, food re- 
mained m ctcum, 
transverse and de- 
scending colon 
empty 

Pylorus sharplj 
flexed on lessei 
curve, cap not dis 
tinet, 0 hrs no re- 
tention, peptic ulcer 
suggested 


Possible gallstones 1 

Possible interstitial litr all. s kolclc 1 

Possible pyloric ulcer 1 

Possible pancreatic insufllcicncj 1 

Secondary gastro intestinal irrit ition— total 4 


50 cases studied 
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Negative 

Negative 

Positive 


3 or 4 stools daily 
e\ erj rveeP or tw o 


Meat in diet causes 
cramps and 3 or 4 
stools a d ly, fre- 
quent attacks, sug- 
gestive of a pan- 
cieatie disturbance 


2 per cent 
2 per cent 
2 per cent 
2 per cent 


8 per cent 


Many of these twenty-five positive gastro-intestinal ii ntation cases, 
were of such high grade seventy that it is remarkable that they did not 
come to our service on admission to the hospital It is a common 
experience for patients nith gastro-intestinal troubles to complain of 
palpitation, fast pulse, precordial pain, vasomotor disturbances, spots 
before the eyes, dyspnea on relatively slight exertion, dizziness or 
giddiness and complaints of general or local nervousness Certainly no 
one would expect the receiving ward to make a careful differentiation 
of cases showing the N C A syndrome with pronounced symptoms 
of stomach and bowel troubles from stomach and bowel troubles with 
resulting or associated nervous manifestations It is quite possible 
that these nervous patients, undergoing a new experience m entering 
the hospital, were having an accelerated pulse, and when the receiving 
officer asked them their complaints their attention nas diiected to their 
hearts, and they were assigned accordingly On studying this very 
interesting series I was impressed not only with the fact that 50 per 
cent had gastro-intestmal irritations, but also with the large propor- 
tion showing other foci of irritation, such as diseased tonsils, numerous 
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carious teeth, many missing gnndeis, etc To all this internal sciatch- 
in<y there was added the external irritation of having to leave home 
and go to camp, there to perform duties for which they had little or 
no liking What little nerve capital they had left after these more or 
less prolonged internal irritations was wiped out by the external irri- 
tation, by worry Their nerves were now without strength They 
Mere neurasthenic They could have carried the external irritation 
like other men if it had not been for the internal load 

Removal of all possible foci of irritation surgically and dietetically 
places them in a condition favorable to reconstruction by graduated 
exercises To hasten reconstruction I think it is of considerable impoi- 
tance that these patients be taught practical points about nerve hygiene 
They should know how to discipline themselves, something they have 
ne-ver known or practiced , what self-discipline means, its importance, 
and just how it should be daily practiced , how to conserve their nerve 
capital which is gradually being acquired, and how to economize the 
pennies and mckles of nerve force They will thereby know more of 
practical value about themselves and become most interested in their 
oun development 

Sicc of the Hca)t — Following the plan of Meakins and Gunson, 
fifty patients weie examined with the view of detei mining the size of 
the heart, and comparing with normal controls after Dietlen As m 
their report, weight was taken into consideration Comparison shows 
the aveiage transveise diameter to be somewhat less in patients than 
in the controls What effect a rapid rate has on the heart size of these 
patients is not definite, since the men studied have not undergone such 
severe training We can at least be sure that the cases under con- 
sideration show no lesion of an organic nature 


TABLE 24 — Comp\iu>,g Cardiac Measurements in Patients and Controls 


1 

Number 

Per Cent 

1 

1 

Weight 

Pounds 

Avenge 
Transi erse 

Di imeter 
by Percussion, 
m Patients, 
Cm 

Ai erage Tnns 
verse Piameter 
by Roentgen- 
Ray, in Patients 
(72 Inches), 
Cm 

Average 
Transt erse 

Bi imeter in 
Controls,* 

Cm 

1 

5 1 

10 

i 

I 110-120 

1 

121 

118 

11 9 

4 

s 

121-180 

12 4 

12 G 

12 9 

10 

20 

131-140 

12 5 

12 0 

12 9 

9 

18 ! 

141-150 

13 5 

12 5 

12 9 

6 

12 

151-160 

14 4 

131 

13 4 

11 

22 

ici-iro 

13 « 

12 9 

14 8 

4 

s 

171-lSO 

134 1 

12 8 

14 3 

1 

o 

1 

181-190 

14 5 

IS 5 

14 4 

TotMl 

oO 

j 100 

1 

1 


Aienge 

13 3 i 

Average 

12 0 

Average 

13 4 


* \ftcr Dietlcn 
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Cmdiac Configu) ation w Health and Disease — In comparing clin- 
ical and loentgen cardiac findings, a definite scale of measuiement and 
configuration was desired The large amount of clinical material at 
hand made possible the selection of cases with complicated and uncom- 
plicated valvular lesions Ten patients of each clinical type weie col- 
lected and an average taken of the roentgen-ray findings The con- 
figuration used in i eading these plates ascribed the first right curve to 
the vena cava, the second right curve to the right auncle, the fiist left 


Normal Heart 


Mid Clavicular Mid Sternal Mid Clavicular 



to the pulmonaiy aorta, the second left to the left auricle and the thud 
left to the left ventricle In the accompanying configurations (Chait 
2) the accentuated second left curve m pure mitral stenosis, the 
accentuated second and third left curves in combined mitral disease 
and the increased width of the base of the heait in aortic disease aie 
typical While measurements to be accurate should depend on the 
weight of the patient, the measurements m Chart 2 might be consideied 
a fair average for a man of 150 pounds 
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TABLE 25— Comparing Measurements in Health and Disease, 
FROM Roentgen Configuration 



1 

Base, 1 
Cm 

1 

2nd 

Leit, 

Cm 

2nd 

Eight, 

Cm 

3rd 

Left, 

Cm 

Trans 

verse, 

Cm 

Norm il heart, nienge 10 controls 

60 

40 

35 

95 

13 0 

Mitral insufliciencj , avenge 10 patients 

60 

40 

40 

10 5 

14 5 

Jlitril stenosis, avciage 10 patients 

60 

55 

40 

10 0 

14 0 

Conibintd mitral insuliieiencj and steno 
sis a\ erage 10 patients 

60 

85 

45 

110 

15 5 

\ortitis chronic with aortic dilatation, 
III erage 10 patients 

80 

80 

5 5 

10 0 

! 

15 5 

tonibined aortic and mitral disease, 
aiti ige 10 patients 

90 

80 

70 

13 0 

1 

20 0 


Mitral Insufficiency 


Mid CLAVwuLAfi Mio Sternal Mid Clavicular 



Coinpai ison of Pulse Rate and Blood Pressuie of Patients and 
Conti ol — The cardiac rate in patients is somewhat variable, but on 
taking the ai erage of one group and comparing it with that of others 
a definite conclusion can be reached Patients in Group 1, or the first 
peiiod of training, show a high variable pulse rate wuth a delayed 
return to normal As the highei grade exercises are reached and 
tolerated, both the rate and response to exercise become more constant 
and approach more nearly that of the controls 


V 
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TABLE 26 — Rest Rate Compared Before and after One Hundred 

Hops on Left Foot 



Pulse 

1 

Blood Pressure 

Beturn to 
Normal 

1 

Before 

1 After 

Before 

After 

Minutes 





[ 124 

136 1 



Avernge 10 controls 

TO 

120 


[ 82 

84 J 






r 132 

160 1 



10 patients, Group 1 

96 

144 


[ 84 

88 J 






f 132 

160 


3 

10 patients, Group 3 

90 

132 

J 

1 

[ 84 

86 ^ 


1 




[ 132 

156 1 



10 patients. Group 5 

1 

84 

12S 1 

i i 


1 : 

[ 84 

S4 J 


2 


Blood piessure leadings aie also inconstant and show no definite 
distinguishing feature The S3'stolic piessure is always somewhat 
higher in patients than in controls, while the diastolic shows very little 
difference 

Observations were made on ten men in the final gioup of training 
before and after taking a six-mile hike with light pack This con- 
stituted a 90-minute march at a cadence of 120 steps a minute The 
response to this test was not unlike that of the controls, three normal 
men There was no dyspnea or evidence of distress These men after 
a two months course of graduated exercises qualified for full military 
duty 


TABLE 27 — Rest Rate Before and After Si\-Mile Hikf with Light Pack 



! 

Pulse 

[ 

Respiration 

Blood 
Pressui e, 
Sjstolic 

Blood 

Pressure, 

Diastolie 

Return 

to 

Normal, 

Minutes 


Before After 

Before After 

Before After 

Before After 

Ai ernge 5 controls 

TO 120 

14 10 

124 

136 

82 

84 


Average 10 patients. Group 5 

84 128 

IG 17 

1 

128 

141 

i 

84 

80 

0 


E^ect of Tobacco and Alcohol — Of the fift}'’ men under obseiva- 
tion, 10 per cent used cigarets to excess (twenty and more daily), 
20 per cent fifteen per day, 30 per cent moderately (aveiage of ten 
cigaiets per day), 28 per cent five pei day, while 12 pei cent did not 
use tobacco in any form In this same gi oup only 4 pei cent admitted 
alcohol to excess, while 50 per cent used it moderately, 20 per cent m 
slight degi'ee and 26 per cent had never used it in any form 

Pulse, respiration and blood pressuie readings weie made before 
and after smoking five cigarets in succession, the brand used being the 
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popular Camel The reaction of ten controls was compared with that 
of ten men in Group 1, the first period of training, with ten men in 
Group 3, the midperiod of the course of exercises, and these with ten 
men of the graduating or final group Obseivations on the reaction to 
exercise Avere made at the same time, in relation to the effect of 
smoking In both patients and controls the pulse and respiratoiy rate 
rises after smoking This, however, was more marked in patients than 
controls, but men having progressed to the highest grade of exercises 
leacted only slightly higher than the control, while those in the first 
class and in the midperiod of training showed a definite reaction In 
all obsercations the reactions were temporary Only three of the mid- 
group showed definite aggravation of symptoms, while the controls 
and the men boarded fit for full duty showed practically no untoward 
signs 


Mitral Stenosis 



The 12 per cent of nonsmokers did not use alcohol Their symp- 
toms, howecer, vhen compared to those of the heavy smokers or 
exccssne drinkers, were not in any way pioportionally decreased 
Thus, no conclusion can be draAvn for a definite basis for production 
of symptoms It is therefore evident from our observation that while 
alcohol and tobacco in excess aggravate the symptoms and signs of this 
s} ndrome, the} are not a constant primary source of irritation 
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TABLE 28 —Observations on Series of Fifty Cases Under Study 


Average Consumption of Tobacco erage Consumption of Alcohol 


Cigarets 
per Day 

20 

Per Cent 

10 

Heal y 

Pei Cent 
4 

15 

20 

Model ate 

60 

10 

30 

Slight 

20 

6 

28 

Total abstainers 

20 

Nonsmokeis 

12 




Effect of Cigmet Smoking — The pulse, respiratory and blood 
pressure readings were made on ten healthy men befoie and after 
smoking five cigarets m succession, and befoie and after exercise (100 
hops on left foot) An average taken of these ten controls shows a 
normal response to exercise and a very slight reaction as an effect of 
smoking 


TABLE 29 — Average Effect of Smoking Before and after 
Exercise in Ten Control C\ses 


1 

Pulse 

1 

1 

Respirition 

Blood 

Pressure, 

Sjstolic 

Blood 

Pressure, 

Diastolic 

Eetuin to 
Normal, 
Minutes 


Before 

After 1 

Before' 

I After ' 

|Bcfore 

After 

Befoie 

After ' 

Before 

After 

Before exorcise ' 

12 

14 

16 


1 128 

1 1 

128 

84 

82 

Va. 


After exercise 

108 

110 

I 20 

I 22 

i 100 

160 

88 

86 

Iti 

1 

ly. 


Observations were also made on ten men repoiting foi the first 
class of graduated exercises This constitutes Group 1 in the schedule 
used The degiee of reaction is greatest m this group when compared 
with that of the controls The increased late is not a marked feature, 
but three of this group complained of definite bi eathlessness and a 
geneial sense of uneasiness ^ 


TABLE 30 — ^Average Pulse, Respiration and Blood Pressure in Ten Cvsis 
— Group 1 — ^After Graduated Exercises 



1 

Pulse 

1 

i 

Respiration 

1 

Blood 

Pressure, 

1 S> stolie 

Blood 

Pressuie, 

Diastolic 

Return to 
Normal, 
Minutes 

1 

Before 

After 

Before 

After 

Before 

1 After 1 

' 1 

Before 

Aftei 

1 

Befoie 

After 

Before exerusc 

104 

108 

22 

24 

144 

! 

148 ' 

90 

00 

Va 

Vz 

After exeicise 

152 

ICO 

24 : 

1 

26 

164 

180 

1 

92 

96 

SIA 

4 


In Table 30 we find the lesting rate high, with an exaggerated 
response to exercise There are many stimuli which influence the 
resting rate Smoking does this temporarily and to a mild degree The 
same effect is produced by a slight change of postuie or emotion, so 
that it IS rather difficult to airive at a fixed average rate for this group 
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The average pulse, respiratory and blood pressure readings of ten 
patients in Group 3, the midperiod of training, are less variable and 
the reaction to smoking when compared with that of the controls is 
less marked 


TABLE 31— Average Pulse, Respiratory and Blood Pressure 
Readings in Ten Cases — Group 3 



Pulse 

1 

Eespiration 

Blood 

Pressure, 

Systolic 

Blood 

Pressure, 

Diastolic 

1 n 

Return to 
Normal, 
Minutes 


Before 

! After 

Before 

After 

[Before 

[ After 

Before 

1 After 

Before 

After 

Before exercise 

96 

104 

20 

1 

22 

142 

146 

88 

90 

% 

% 

After exercise 

124 

132 

24 

1 

26 

156 

160 1 

92 

92 

3 

Ws 


Combined Mitral Stenosis -Inbufficiencv 



Group 5, consisting of men having progressed to the highest grade 
of exercises and who have tolerated them in conjunction with route 
marches without distress, compare most favorably with the ten con- 
trols Hei e again the reaction to smoking is slight and the response to 
exercise only moderately exaggerated by external stimuli 


TABLE 32 — A\erages in Ten Cases — Group 5 



! Pul«e 

1 

! 

Hespintion 

i 

Blood 

Pressure, 

Systolic 

Blood 1 
Pressure, j 
Diastolic ' 

Return to 

Normal 

Minutes 

1 

[Before 

1 Vfter 

iBcfore 

After , 

[Beforel After 

'Before: 

After 1 

Before 

After 

Before exercKo j 

1 

I 81 j 

1 

S3 

IS 

19 

136 j 

140 

84 

88 


/•i 

\fti-r c\irei“i 

118 ■ 

i 

J.22 

22 1 

24 

144 

US 

1 

86 

88 

2 

2U 
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In summarizing, the tobacco reaction, pulse and respiiatory and 
blood pressure readings were slightly higher m patients than contiols 
Patients m Group 5 compared most favorably with the contiols, while 
those in Group 1 reacted in greater degree Group 3, in accoi dance 
with their tolerance to exeicise, leacted in moderate degiee 

Effect of Atiopin on the Heait Rate — Observations were made on 
ten patients compared with ten controls before and after the adminis- 
tration of %o gram atropin sulphate subcutaneously The response to 
exercise (one hundred hops on the left foot) before and after atiopini- 
zation was also noted Twenty-fire minutes were allowed to intervene 
for complete effect Both patient and control showed the same results, 
namely, increased pulse rate appioximately to the same degree follow- 
ing atropin Fiom this Lewis- concludes that the high caidiac rate in 
patients is not due to a reduction in vagal tone, but is more probably 
due to hyperirritabihty of some poition of the system including the 
acceleratoi reflex arc. 

The patients presented for observation before administration of 
atropin showed maiked derinatographia, cold, clammy, cyanotic hands 
and marked axillary sweating After ati opimzalion this picture was 
entirely changed, much to the surpiise of the patients Plands were 
dry, pink, hot and the dermatogiaphia temporal ily disappeared 


TABLE 33 — Errccr or Atropin on Tln Paticnts 


Atropm, 1/30 Gr | 

Rost Rate 

After 1 \crcise 

Blood Pressure 
at Best 

Blood Prossme 
After r\crcisc 

Before 

After 

Before 

Aftci 

Before 

After 

Before 

1 

After 

1 

1 


1 

1 


1 

f 

128 

132 

140 i 

152 

Average 10 controls 

SO 

108 

132 

144 \ 







j 


{ 

80 

84 

80 

80 





f 

132 

130 

140 

100 

Average 10 patients 

88 

118 

128 

158 \ 






1 

1 

1 


{ 

84 

84 

SO 1 

1 

88 

1 


Thus, 111 our search for iiritation it was determined that the 
mechanism by which inci eased rate of patients is ariived at is not 
altered vagal tone, but a hyperin itability of the system, including the 
accelerator reflex arc 

TABLE 34 — Foci or Irritation 


General physical 

No 

Per C( 

14 

28 

Thyroid 

10 

20 

Ear 

4 

8 

Nose 

10 

32 

Sinuses 

10 

20 

Throat 

45 

90 

Teetli 

18 

30 



No 

Per Cent 

Psychiatric 

0 

12 

Neurologic 

34 

78 

Gastio intestinal 

25 

50 

Genito urinarj 

0 

32 

Syphilis 

2 

4 

Alcohol 

4 

8 

Tohacco 

5 

10 


2 Report by Cotton, Rapport, Lewis 
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Weights — During the entire period of training, weights were taken 
at six-day intervals All men gained weight rapidly up through the 
group, including the highest grade of exercises When route marches 
were taken in conjunction with the high grade exercises, without and 
with light and full pack, an aveiage of one-half pound per man was 
lost from the admission weight 


TABLE 35 — Weight Gained 
During Period of Training 


Pounds No 

Constant 5 

1 1 

’ I 

3 1 

4 2 

5 2 

7 2 

Total 14 


28 per cent gained u eight 


TABLE 36 — Weight Lost During 
Period of Training 


Pounds No 

1 5 

2 10 

3 4 

4 5 

5 1 

6 4 

7 4 

9 2 

10 1 


Total 36 

72 per cent lost weight 


Aortitis Chronic With Aortic DiLATAnoN 



Final Disposition of Gioiip Piogiess — In accordance with oui 
polic}”^ of graduated exercises, the fifteen men who progressed to the 
highest grade exercises and carried them out without distress in con- 
junction vith route marches of 6 miles, ivith full pack, were sent to 
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full and nniestiicted mihtaiy duty These men had no complaints to 
oflter and while there still lemamed some vasomotor instability, they 
were decidedly less sensitive to external stimuli, most of the internal 
foci having been lemoved, and they had learned that discipline and 
economy were necessaiy factois in the march to inci eased nerve 
capital The twenty-five men w ho progi essed moi e slowly, but toler- 


CoMBiNED Aortic — Mitral Disease 



ated the exeicises and route marches without undue distress, were sent 
to unrestricted domestic duty An attempt was made to place these 
men in service according to their individual qualifications, m older 
that external stimuli be in some meaure eliminated and that conserva- 
tion and economy of nerve force be promulgated The ten men show- 
ing continued symptoms on the highest grade exercises, but who pio- 
gressed through all the stages, including route marches, were sent to 
limited domestic service Of the group of fifty under study It was not 
considered necessary to discharge any man as pei manently unfit 



lABLE 37 — NnuRO-CiucuLATORY '\i>TiuM\ D\'\ o^ IntinsjIm: Sti.d\ oi F[rT\ C\ses 
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'O 
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w 
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d 
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TABLE 38 — Disposition of Mfn in Groups Studied 


Unrestricted military duty 

Group progress, good 
Unrestricted domestic duty 

Group progress, good, higliest grade e\ercises toleiated less perfectlj 
Ordnance 
Electrician 
Shoe repair 
Drill instructors 
Typists 
Teamsters 
Carpenters 
Motor truck rep iir 
Pipe fitter and plumbers 
Cook 
Printer 
Laborers 

Limited domestic sen ice 

Group progress, fair, highest grade exercises only fairly well tolerated 
4rtist illustrators 
Clerks 

Medical detachment 

Orderlies 

Teamsters 

Total 


No 

15 


1 

1 

1 

4 

4 

5 
S 
1 
1 
1 
2 

10 


2 

3 

1 

2 

2 

00 


Per Cent 
SO 


50 


20 


100 


In our early experience with this group all weie deemed unfit for 
military duty, and under former conditions had been withdrawn from 
their organizations and sent to the Depot Brigade, pending discharge 
fiom the National Army We now return fifty salvaged men to duty, 
fifteen to unrestricted military duty, twenty-five to unrestricted 
domestic duty, ten to limited domestic duty 

Our object has been not only to study these men piesentmg this 
syndrome from an etiologic and therapeutic point of view, but to 
prevent any questionable case going overseas, there to become a 
burden, before subjection to a rigid investigation and graduated 
method of sorting 

Obscivahon Time — Fifty per cent of this group had been in 
serMce eight months, 25 per cent three months, 25 per cent one 
month Under the present system of graduated training and discipline, 
observation time averaged seven weeks from time of admission to 
discharge to duty, a saving of six months This is not only a great 
difference in time and expense to the government, but to the recruit 
on whose early training so much depends 



THE EXCRETION OF CREATIN, CREATININ, AND URIC 
ACID IN ACUTE FEBRILE CONDITIONS-^ 


C W McCLURE, MD 

BETHLEHEM, PA 

The excretion of cieatin, creatinm and uric acid in the urine during 
the course of acute infectious fevers has been studied by Cathcart/ 
Van Hoogenhuyze and Verploegh,^ af Klercher/ Kocher,^ Shaffer,® 
Ewing and Wolf,® Shaffer and Coleman,'^ and others Their results 
agree as regards the finding of creatmuna, and an increased output 
of creatinm and of uric acid The diets used by most investigators 
were at times m the course of the experiments of insufficient caloric 
value and not particularly rich m carbohydrates Shaffer and Coleman 
have investigated the effects of high caloric diets, rich m carbohydrates, 
on the protein metabolism of patients with typhoid fever They 
found that these diets retarded or prevented the loss of body protein 
in theit cases For this reason it was considered important to study 
the excretion of certain of the products of protein metabolism m the 
different varieties of acute febrile conditions at a time when the 
affected patients were receiving a “Shaffer-Coleman diet ” The prod- 
ucts chosen were creatin, creatinm and uric acid because of the 
accuracy with which their endogenous amounts can be determined 

EXPERIMENTAL PROCEDURE 

Patients were given the diet proposed by Shaffer and Coleman, except that 
no purin- or nucIein-containing foods were fed The diet contained approxi- 
mately from 3,000 to 4,000 calories of protein, fat and carbohydrate in each 
day’s feeding Urine specimens were preserved on ice under toluol Uric 
acid, creatin, and creatinm were determined by the methods of Fohn® In 
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determining uric acid the “unc acid reagent” was used instead of the “uric 
acid-phenol reagent ” Otherwise the method was employed as given in Fohn’s 
manual Phosphorus was quantitated by the uranium acetate titration method 
All temperatures recorded in the appended table are rectal temperatures A 
total of eight febrile conditions has been studied, comprising six cases of 
typhoid fever, four cases of lobar pneumonia, one case of streptococcic broncho- 
pneumonia, two cases of tuberculous bronchopneumonia, two cases of pulmonary 
tuberculosis, one of which was complicated by hemopneumothorax, one case of 
subacute rheumatic fever, and two cases with fever of unknown cause 

The Relation of Cieatinwia to Fever — Creatinuna was present 
throughout the febrile periods in two cases (2, 3, see table) In 
another case (1) the output of creatm ceased nine days prior to the 
disappearance of the pyrexia In one case creatinuna was present 
during one period of fever and absent throughout the course of 
a second febrile period in this patient (5) Creatinuna was either 
completely absent or present in small amount in five febrile cases 
(5, 6, 7, 8, 9) In three of these fever was present over periods of 
observation of from one to four weeks Two cases were febnle but 
a short time One of these showed no creatinuna, and the other a 
small amount on two occasions Another case (12) had very slight 
creatinuna during two periods of high fever Postfebnle creatinuna 
persisted for from seven to ten days in two cases (13, 14), and in three 
others (2, 5, 12) it u as present for a few days 

These findings show that there was no constant relation between 
the presence of pyrexia and creatinuna 

The Relation of Cieatmuita to Loss in Body Weight — In seven 
cases loss in body weight was accompanied by creatinuna (1, 2, 3, 4, 
10, 13, 14) In three of these (3, 13, 14) creatiij did not disappear 
from the urine with the cessation of the loss in body weight In one 
case (3) creatinuna was present during weeks in which there was 
very little or no loss m weight, as well as during the time wdien rapid 
loss occurred One patient (12) had slight creatinuna during a period 
of loss in weight and again during a period w^hen there was a gam in 
w'eight Tw^o patients shoAved only an occasional slight creatinuna 
during periods of moderately rapid loss m body weight 

These findings show^ that the presence of creatinuna, although 
usually occurring coincidently wuth loss in body weight, is not definitely 
related to either the rapidity or the amount of w'^eight lost 

The Relation of Cieatmiaia to the Increase in the E.xcietion of 
Cicahnin and of Uuc Acid — Creatinuna w^as associated wuth dis- 
turbances in the excretion of both creatinin and uric acid in four 
cases (2, 3, 14, lo) In tw'o cases (4, 13) there was a considerable 
amount of creatm excreted w^hile the output of creatinin remained 
normal In all but one case in ivhich creatinuna occurred there was 
also an increased elimination of unc acid In this case ( 12) there was 
a slight creatinuna, wdiich was not accompanied by an abnormal crea- 
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tinni or uric acid output These findings show that duimg peiiods of 
pyrexia creatiiiuiia may occur unaccompanied by disturbances in the 
excietion of uric acid and of creatmin 

Ci eafimn — In most cases the amounts of creatmin excreted were 
increased during the periods of pyrexia This increase was often 
present only at irregular intervals In one case (9) the disturbance in 
the output of cieatinm was as great during the afebrile as during the 
febrile period In two cases (11, 12) no increase m the amounts of 
creatmin excreted occurred m spite of the presence of high fever 
A disturbance m the excretion of creatmin was found in one case (9) 
without associated anomalies in the elimination of uiic acid or of 
creatm These findings demonstrate that in certain of the febrile 
diseases, (a) disturbances in the excretion of cieatmin are not neces- 
sarily associated with an increase of the body tempeiature, and (6) 
that such disturbances may occur independently of anomalies in the 
excretion of unc acid and creatm An increase m the output of crea- 
tmm was not related to loss of body weight m all cases 

Uuc Add — In all but two cases uric acid was excreted m abnor- 
mally laige amounts during the periods of pyrexia (9, 12) A post- 
critical increase in the amounts of uric acid eliminated persisted over 
periods of from five to nine days m five cases (1, 14, 16, 17, 18) 
Creatinuria was present m thiee of these cases, m one of which an 
increased creatmin output, also, occurred No examination for creatm 
in the urine was made m the other two cases In one case (18) an 
mciease m the excretion of phosphorus accompanied the enlarged 
output of uric acid These findings show that an increase m the output 
of uric acid during the course of the acute infectious diseases is not 
wholly dependent on the presence of pyiexia In this connection it is 
interesting to note that MandeP found a decrease m the output of uric 
acid m three cases of “aseptic fever ” 

In SIX cases (1, 2, 9, 12, 14, 17) anomalies m the excretion of one 
of the thiee substances studied occuired during the second or the third 
week of convalescence No definite relationship was found between 
the severity of the symptoms manifested by the patients and the 
amounts of creatm, of cieatinm and of uric acid found m the urine. 

SUMMARY AND DISCUSSION 

Endogenous creatmin and creatm are considered as pioducts of 
the metabolism of muscular tissue An increase m the amount of 
creatmin excreted may be regarded as evidence, of an increase of 
katabohsm m the muscles, oi possibly of an actual destiuction of that 
tissue The significance of creatmuiia is not definitely known In 

9 Mandel, A R Xanthni as a Cause of Fever and Its Neutr,alization by 
Salicylates, Am Jour Physiol, 1907-1908, 20 , 439 
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View of the work of Folm^® and of Denis“ the creatinuna observed in 
the experiments here reported can readily be explained as the result 
of an over-production of creatin “If so much creatin is manufactured 
that the muscles become supersaturated, creatin is excreted by way of 
the kidneys On the other hand, there are some observers^^ who 
support the view that creatinuna is an expression of an incomplete 
oxidation of creatin in the body Acidosis may play a role in the pro- 
duction of creatinuna “ However, no studies concerning the presence 
of acidosis were made dunng the course of the experiments here 
reported The origin of endogenous uric acid from the nucleoprotein 
of the body tissues is fairly well established It is impossible to ascer- 
tain the exact source of the nucleoprotein from which the excess of 
uric acid, found dunng the course of these experiments, was derived 
The increase in the elimination of uric acid was no greater in those 
diseases accompanied by leukocytosis than m those m which this did 
not occur This finding shows that the disintegration of leukocytes 
played a minor role m its production Nevertheless, it is fair to assume 
that a certain amount of the excess of the uric acid eliminated during 
the stage of resolution in pneumonia was derived from the absorption 
of the pulmonary inflammatory exudate However, a postcntical 
increase m the output of uric acid occurred in other disease conditions 
in which no such exudate was present Also, it was not found in two 
of the cases of lobar pneumonia studied, but m these cases the areas 
of pulmonary consolidation were small A postcntical increase in the 
excretion of uric acid was accompanied, in certain cases, by creatinuna 
and an excessive output of creatinin The latter two phenomena 
uould not result from the breaking down of cellular inflammatory 


10 Folin, O , and Denis, W Protein Metabolism from the Standpoint of 
Blood and Tissue Analysis VII An Interpretation of Creatin and Creatinin 
in Relation to Animal Metabolism, Jour Biol Chem , 1914, 17, 493 

11 Denis, W The Influence of the Protein Intake on the Excretion of 
Creatin in Man, Jour Biol Chem , 1917, 30, 47 Denis, W , and Kramer, J G 
The Influence of Protein Intake on Creatin Excretion in Children, Jour Biol 
Chem , 1917, 30, 189 Denis, W , and Minot, A S The Production of Creatin- 
uria in Normal Adults, Jour Biol Chem , 1917, 31, 561 

12 Mendel, L B and Rose, W C Experimental Studies on Creatin and 
Creatinin I The Role of the Carbohydrate in Creatin-Creatinin Metabolism, 
Jour Biol Chem, 1911-1912, 10, 213 Benedict, S R, and Osterberg, E 
Studies in Creatin and Creatinin Metabolism III On the Origin of iJrinary'' 
Creatin, Jour Biol Chem , 1914, 18, 195 Rose, W C Experimental Studies 
on Creatin and Creatinin V Protein Feeding and Creatin Elimination in 
Pancreatic Diabetes, Jour Biol Chem, 1916, 26, 331 Rose Mary S Cre- 
atinuria in V omen Jour Biol Chem , 1917, 32, 1 Janney, N W ,' Goodhart, 
S P , and Isaacson, V I The Endocnne Origin of Muscular Dystronhv, The 
Archhtis Ixt Med , 1918, 21, 188 

13 Underhill, F P Studies in Creatin Metabolism I Possible Interrelation 
Beh\een Acidosis and Creatin Elimination, Jour Biol Chem 1916 27 127 
Underhill, F P , and Baumann, E J Studies in Creatin Metabolism ’ IV The 

Relationship of Creatinuna to Carbohydrate Metabolism and Acidosis Tour 
Biol Chem, 1916, 27, 151 ^mosis, jour 
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exudates They would result from a disturbance m muscular metab- 
olism These evidences of postcritical disturbances m metabolism 
warrant the conclusion that the excess of uric acid excreted during this 
period was, in part, derived from the nucleoprotein of the body tissues 
and not wholly from the absorption of cellular inflammatory exudates 

It was found that creatmuria, or an increased output of creatmm, 
or of uric acid may each occur singly or in any combination with each 
other This indicates that there is not an inseparable relationship 
between the metabolisms of these three substances 

The inconstant occurrence of creatmuria, and, to a less extent, of 
an increase in the outputs of creatmm and of uric acid, m the piesence 
of pyrexia may, in part, be explained by the sparing action of carbohy- 
drate on the body protein The latter is well illustrated in the work 
of Shaffer and Coleman, and of Graham and Poulton The former 
investigators did their work on typhoid fever patients, and the latter 
on normal men m whom pyrexia was induced by exposure to unusually 
high temperatures From their results they concluded that the loss of 
body protein could be retarded or prevented during periods of pyrexia 
by the use of high caloric diets rich in carbohydrates In spite of 
such diets, and m , spite of the absence of weight loss, disturbances m 
the excretion of creatin, of creatmm and of uric acid were not always 
absent m the experiments here reported It therefore seems probable 
that these disturbances were, m part at least, an expression of the 
effect of toxins This view is supported by the studies of Dubois and 
his co-workers The findings of these investigators indicate that in 
typhoid fever and malaria a toxic destruction of protein occurs 
Whether toxins act by increasing katabolism or by actual disintegra- 
tion of body tissue is not definitely known The disintegration of body 
tissue would seem to be unusual in patients receiving high caloric diets 
and who are not losing weight, either during periods of pyrexia or, 
especially, during convalescence Nevertheless, it must be borne m 
mind that certain pathologic structural changes occur m the different 
body tissues m the presence of continued pyrexia The relation of 
these degenerative changes to the presence of creatmuria, and to an 
increase m the production of creatmm and uric acid are unknown If 
such pathologic changes were an important factor in the production of 
these phenomena, constant relations in the excretion of creatin, of 
creatmm, and of uric acid would be expected, under comparable exper- 
imental conditions Since the relations m the excretions of these sub- 

14 Graham, G, and Poulton, E P The Influence of High Temperature on 
Protein Metabolism -with Reference to Fever, Quart Jour Med, 1912, 6, 82 
and 124 

15 Coleman, W , and Dubois, E F Calorimetric Observations on the Metab- 

Typhoid Patients With and Without Food, The Archives Int Med, 
915, 887 Barr, D P , and Dubois, E F The Metabolism in Malarial 

Fever, The Archives Int Med, 1918, 21 , 627 
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stances A\ere found to be variable, the degenerative changes occurimg 
in the tissues during pyrexia probably play but a minor role m the 
production of cieatmuna, or of an increase m the excretion of uric acid 
and of creatinm Therefore, the findings in the experiments here 
leported support the view that the toxins of the acute infections and 
of tuberculosis cause an increase in katabohsm 

The piesence of postcntical creatmuria, of an mci eased output of 
creatinm, and of uric acid show that distuibances of metabolism may 
extend into convalescence This has been pointed out by Shaffer and 
Coleman The occasional lecurrence of abnormalities in the excretion 
of these thiee substances, after convalescence is well established, sug- 
gests that either distuibances in their metabolism are persisting, or that 
they are easily reproduced 

No creatin was excreted during the course of a very mild case of 
pneumonia and in certain febrile conditions of shoit duration which 
were studied In severer types of pneumonia, and m long continued 
febrile states creatmuria was invariably present except m tuberculosis 
The apparent rarity of creatmuria in the latter disease may prove, on 
further study, to be of value m the differential diagnosis of that disease 

The diet used in these experiments was well tolerated The 
amounts of creatinm, frequently of creatin, and less often of uric acid, 
which were excreted were smaller than was to be expected from a 
comparison of the findings here reported with those of other investi- 
gators who did not feed a high caloric diet rich in carbohydrate 
Shaffer and Coleman have shown that by the use of such a diet the 
amount of creatmuria m typhoid patients could be markedly dimin- 
ished Loss of weight was slight or completely absent under conditions 
in which It would naturally be expected In certain cases an initial loss 
m weight occuried during the first week in the hospital It then 
stopped, although there was no cessation in the symptoms of the dis- 
ease These findings show that the “Shaffer-Coleman” diet is a 
rational adjunct to the treatment of acute febrile diseases 

In selecting patients for study, those without evidences of nephritis 
w'ere selected as far as this was possible Certain findings common to 
nephritis aie of frequent occurrence in the presence of fever The 
results obtained m those cases m which such findings persisted into 
comalescence were rejected The prevention of the loss of a certain 
number of specimens is very difficult when (1) urine is collected over 
long periods of time, (2) from acutely ill patients, (3) m the hospital 
M ards This does not vitiate the results, since the interpretation of 
findings deals only with abnormally large amounts of the substances 
studied For purposes of comparison it is of importance to know the 
true endogenous level of the substances determined This can be 
accomplished by following these determinations well into convales- 
cence, which has been done wherever possible 
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CONCLUSIONS 

1 Disturbances in the excretion of creatin, cieatinin and uric acid 
during the febrile period of the acute infectious diseases are, largely, 
an expression of the effect of toxins on metabolism These dis- 
turbances may continue into the period of convalescence 

2 It has been found that the increased excretion of uric acid almost 
invariably accompanied acute febiile states It was usually associated 
either with creatmuria, or with disturbances in the output of creafinin 
At times all three phenomena were present 

3 The experimental findings indicate that the loss of uric acid, 
creatin and creatmm by the body, during acute febrile conditions, is 
retarded by a high caloric diet rich in carbohydi ates 

SYNOPSIS OF CASE REPORTS 

Case 1 — J J , white, man, aged 34, was admitted to St Luke’s Hospital, 
Nov 12, 1917, and discharged recovered, Dec 19, 1917 

Diagnosis Typhoid fever 

The past medical history was unimportant The present illness began three 
weeks before admission to the hospital, with headache, malaise, lassitude, weak- 
ness, epistaxis and diarrhea These symptoms increased in severity, and two 
weeks before admission the patient was confined to bed Nov 12, 1917, the 
physical examination was essentially negative Blood examination, Nov 12, 
1917 hemoglobin, 80 per cent (Sahli) , white cells, 3,440 per c mm , differential 
count, polynuclear leukocytes, 75 per cent, small lymphocytes, 20 per cent, 
large mononuclears, S per cent The Widal reaction was positive m a dilu- 
tion of 1 80 Blood culture was sterile The Wassermann reaction was 
negative Weekly examinations of the urine were negative except for the find- 
ing of a trace of albumin on one occasion Phenolsulphonephthalein exctetion 
was 40 per cent in two hours Sputum and stool examinations were negative 
The course of the disease was uneventful The patient did not manifest the 
symptoms of severe toxemia 

Case 2 — J M , white, man, aged 35, was admitted to St Luke’s Hospital, 
Nov 26, 1917, and discharged recovered, Jan 8, 1918 

Diagnosis Typhoid fever 

The previous medical history was unimportant The present illness began 
seventeen days prior to entering the hospital, with nausea, vomiting and diar- 
rhea The patient was not confined to bed until after admission to the hos- 
pital The physical examination on November 26, was essentially negative 
Blood examination, November 26 hemoglobin, 90 per cent (Sahh) , white cells, 
3,360 per cmm , differential count, polynuclear leukocytes 74 per cent, 
small lymphocytes 16 per cent , large mononuclears 10 per cent The Widal 
reaction was positive in a dilution of 1 80 The blood culture showed the 
typhoid bacillus The Wassermann reaction was negative Examinations of 
the urine showed an occasional trace of albumin during the febrile period but 
no other pathologic elements Phenolsulphonephthalein excretion was 60 per 
cent in two hours Examinations of the sputum and feces were negative 

The course of the disease was uneventful At times a mild delirium was 
present 

Case 3 — L M , white, man, aged 20, was admitted to St Luke’s Hospital, 
Nov 29, 1917, and discharged recovered, Jan 16, 1918 

Diagnosis Typhoid fever 
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The past medical history was unimportant The present illness began two 
weeks prior to admission to the hospital, with malaise, lassitude, anorexia, 
nausea, weakness, and slight epistaxis November 21 the patient was first 
confined to bed November 30 the physical examination was essentially nega- 
tive Blood examination, November 29 hemoglobin, 80 per cent (Sahli) , 
white cells, 5,200 per c mm , differential count, polynuclears 70 per cent , 
small lymphocytes 24 per cent, large mononuclears S per cent, eosinophils 
1 per cent The Widal reaction was positive m a dilution of 1 80 and the 
blood culture showed typhoid bacillli The Wassermann reaction was negative 
Urine examinations were negative, except for a trace of albumin on one occa- 
sion Phenolsulphonephthalein excretion was 60 per cent in two hours Exami- 
nation of the feces was negative 

The only striking feature during the course of the disease was that the 
hemoglobin fell from 80 per cent on November 28, to 50 per cent by Decem- 
ber 5, after which date it gradually again increased 

Case 4 — A F, white, man, aged 47, was admitted to St Luke’s Hospital, 
Nov 22, 1917, and discharged recovered, Dec 24, 1917 

Diagnosis Rheumatic fever (subacute) 

No history was obtainable since the patient spoke only Italian His phy- 
sician sent the patient to the hospital with the diagnosis of rheumatic fever 
On admission to the hospital the patient complained of pain in the right 
popliteal space and muscles of the thigh on motion of the leg Slight pain in 
the deltoid muscles was caused by motion of the arms There was some stiff- 
ness of the fingers and slight pain on motion in the metacarpophalangeal joints 
The skin over the knuckle joints was somewhat reddened The backs of the 
hands appeared to be swollen but did not pit on pressure Otherwise, physical 
examination was negative Blood examination, Nov 22, 1917 hemoglobin, 
60 per cent (Sahli) , white cells, 25,680 per cmm Differential count poly- 
nuclear leukocytes 90 per cent , small lymphocytes 5 per cent , large mono- 
nuclears 5 per cent Blood culture was negative The Wassermann reaction 
was positive on two occasions Urine examinations were negative Phenol- 
sulphonephthalein excretion was 60 per cent in two hours 

The meager objective symptoms of arthritis disappeared within a week 
Up to within a few days of the subsidence of the fever the patient had occa- 
sionally painful joints, but only on motion The leukocytosis disappeared 
shortly before the return of the temperature to normal 

Case 5 — M , white, man, aged 25, was admitted to St Luke’s Hospital, 
Nov 27, 1917, and discharged recovered, Jan 1, 1918 

Diagnosis Bronchopneumonia (streptococcic) 

The patient spoke only Greek and no history was obtainable Physical 
examination, November 28, elicited dulness in the lower right axilla and at 
the base of the right lung posteriorly Over these areas breath sounds were 
almost inaudible and there were numerous fine crackling rales and a pleural 
friction rub Over the upper portion of the right chest there were a small 
number of medium sized crackling rales Roentgenographic studies showed 
scattered areas of consolidation throughout the right lung Blood examination. 
Nor ember 29 hemoglobin, 75 per cent (Sahli) , white cells, 10,000 per c mm , 
di^fferential count, poljmuclear leukocytes 74 per cent , small lymphocytes 
25 per cent , large mononuclears 1 per cent December 8, white cells, 9,720 
per cmm, December 19, white cells 24,800 per cmm The blood culture 
on November 28 showed a growth of streptococci, and on December 12, it was 
negatn e During the periods of fever the unne examinations showed a trace 
of albumin to be present Phenolsulphonephthalein excretion was 60 per cent 
in t\^o hours Sputum examinations showed no acid fast bacilli The fever 
fell b\ crisis tvo dajs after admission of the patient to the hospital The 
temperature remained normal for two weeks and then a second febrile period 
began The areas of dulness in the chest and the roentgenographic findings 
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persisted until a short time before the patient was discharged Throughout the 
course of the disease symptoms of severe toxemia were not manifested 

Case 6 — M M , white, man, aged 19, was admitted to St Luke’s Hospital, 
Nov 10, 1917, and discharged improved, Nov 23, 1917 
Diagnosis Pulmonary tuberculosis 

The past medical history was unimportant The present illness had begun 
nine days prior to admission to the hospital, with headache, backache, anorexia, 
and a nonproductive cough Physical examination, November 11, elicited the 
signs usual of consolidation in the apex of the left axilla Roentgenograms 
showed a well defined area of consolidation in the upper lobe of the left lung 
and smaller areas scattered throughout the remainder of the lung Blood 
examination, November 11 hemoglobin, 85 per cent (Sahli) , white cells, 6,960 
per c mm , differential count, polynuclear leukocytes 70 per cent , small 
lymphocytes 25 per cent , large mononuclears 5 per cent The Widal reaction 
and the blood culture were negative The Wassermann reaction was positive 
Sputum examinations showed no acid fast bacilli Examinations .of the urine 
and feces were negative Phenolsulphonephthalein excretion was 60 per cent 
in two hours 

The patient had only an occasional slight cough during his stay in the hos- 
pital The fever gradually decreased There were no complications 

Case 7 — E P , white man, aged 27, was admitted to St Luke’s Hospital, 
Nov 18, 1917, and discharged improved, Dec 24, 1917 
Diagnosis Hemopneumothorax , pulmonary tuberculosis 
The past medical history was unimportant The history of the present 
illness was indefinite, since the patient had been on an alcoholic spree prior 
to admission to the hospital On physical examination, November 19, there 
were found signs characteristic of pleurisy with effusion involving the entire 
left chest To these signs were added a distinct “com sound,” especially audible 
over the lower half of the left chest On thoracentesis air and several hundred 
cubic centimeters of blood were aspirated from the left pleural cavity Blood 
examination, November 19 hemoglobin, 70 per cent , white cells, 26,720 per 
c mm , differential count, poljmuclear leukocytes 72 per cent , small lymphocytes 
26 per cent , large mononuclears 2 per cent The Wassermann reaction was 
negative The examinations of the urine were negative except for the occa- 
sional finding of a trace of albumin and a hyaline cast Phenolsulphonephthalein 
excretion was 60 per cent in two hours The sputum examinations showed no 
acid fast bacilli 

The patient manifested no signs of severe toxemia throughout his stay 
in the hospital The physical findings did not change 

Case 8 — V I , white man, aged 43, was admitted to St Luke’s Hospital 
Nov 29, 1917, and discharged recovered Dec 19, 1917 
Diagnosis Fever of unknown cause 
No history obtainable, the patient did not speak English 
Physical examination, November 30, was essentially negative Blood exami- 
nation, December 1 hemoglobin, 75 per cent (Sahli) , white cells, 2,520 per 
cmm , differential count, polynuclear leukocytes, 60 per cent , small lympho- 
cytes, 30 per cent , large mononuclears, 10 per cent The Widal reaction was 
negative Examinations of the feces, sputum and urine were negative 

The course of the patient’s disease was uneventful There were no mani- 
festations of severe toxemia 

Case 9 — XJ C , white, man, aged 27, was admitted to St Luke’s Hospital 
Dec 3, 1917, and discharged recovered Jan 5, 1918 
Diagnosis Lobar pneumonia (type not determined) 

The past medical history was unimportant The present illness began two 
days before admission to the hospital, Avith a chill and pleuritic pain in the 
left side of the chest On physical examination, December 14, a small area 
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of pulmonary consolidation was found in the region of the angle of the scapula 
in the left back The roentgenogram showed a small area of consolidation to 
be present in this region Blood examination, December 14 hemoglobin, 80 
per cent (Sahli) , white cells, 19,000 per cmm , differential count, polynuclear 
leukocytes, 78 per cent , small lymphocytes, 14 per cent , large mononuclears, 
8 per cent The sputum was mucopurulent and blood tinged No acid fast 
bacilli were found The examinations of the feces and urine were negative 
Phenolsulphonephthalein excretion was 60 per cent in two hours 

The fever fell by lysis The area of consolidation disappeared after twelve 
days’ stay in the hospital 

Case 10— A C, white, man, aged 28, was admitted to St Luke’s Hospital 
Jan 9, 1918 

Diagnosis Tuberculous bronchopneumonia 

The past medical history was unimportant The present illness began three 
V eeks prior to admission to the hospital, with anorexia, frequent vomiting and 
much coughing, with a large amount of mucopurulent sputum On physical 
examination, January 10, signs of pulmonary consolidation were found at the 
angle of the scapula, the apex of the axilla and the anterior portion of the 
right chest Medium and fine crackling rales were audible throughout both 
lungs Blood examination, January 1 hemoglobin, 70 per cent (Sahli) , white 
cells, 16,480 per cmm , differential count, polynuclear leukocytes, 70 per cent , 
lymphocytes, 26 per cent , large mononuclears, 4 per cent Blood culture was 
negative The Wassermann reaction was negative The urine contained a faint 
trace of albumin, but no other pathologic elements The sputum contained 
acid-fast bacilli 

The patient was still under observation January 24 Other than the cessation 
in the loss in weight his condition remained the same during observation in 
the hospital 

Case 11 — S J , white, man, aged SO, was admitted to St Luke’s Hospital 
Dec 23, 1917 

Diagnosis Tuberculous bronchopneumonia 

The past medical history was unimportant The present illness began two 
months prior to admission to the hospital with weakness and anorexia Three 
daj s before admission he was seized suddenly with pleuritic chest pain, a pro- 
ductive cough and vomiting Physical examination, December 24, revealed 
signs of pulmonary consolidation over the entire front of the right side of the 
chest Numerous medium and fine crackling rales were present throughout 
both lungs Blood examination, December 24 hemoglobin, 60 per cent (Sahli), 
white cells, 10,480 per cmm , differential count, polynuclear leukocytes, 60 per 
cent , lymphocytes, 10 per cent , large monnouclears, 30 per cent , red cells, 
3,610,000 per cmm The urine contained a small amount of albumin and a few 
hyaline casts The sputum was pneumonic m character and contained acid 
fast bacilli 

The patient ran a high temperature, varying about 2 degrees from morning 
to night January 7 bronchial breathing developed m the right intrascapular 
region 


Case 12— J S, white, boy, aged 12, was admitted to St Luke’s Hospital 
Dec 7, 1917, and discharged recovered Jan 18, 1918 
Diagnosis Fever of unknown cause 


The past medical history was unimportant The present illness began one 
week prior to admission to the hospital, with diffuse abdominal pain, diarrhea 
and epistaxis Later, malaise and lassitude developed On physical examina- 
tion, December 8, an enlaced, firm, smooth and nontender spleen was palpable 
at the left costal border Otherwise ph>sical examination was negative Roent- 
gcnographic studies of the lungs were negative Blood examination, December 
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8. hemogloDin, 72 per cent, v.hite ceils, 6,550 per cmm , diSerential count, 
pohTiuclear leukocytes, 68 per cent; lymphocy-tes, 10 per cent; large mononu- 
clears, 22 per cent, red cells, 4,160,000 per cmm The Vv'idal reaction on tvro 
occasions v.as negative, as v.ere also the blood cultures Examinations oi the 
urme and feces Mere negative 

The patient had tv.o febrile periods of seven and eighteen da] s’ duration 
separated by an interim of a vreek. He manifested no symptoms of severe 
toxemia iU spite of a high feier The enlarged spleen disappeared after the 
second febrile perioa had ended. 

C-iSE 13— J C, vrhite, man, aged 30, vas admitted to St Luke’s Hospital 
Xov 2- 1917, ana discharged recoiered Dec 31, 1917 

Diagnosis Lobar pneumonia (Type IV) 

The past meaical history* vas unimportant The present illness began one 
v.eek prior to admission to the hospital, v.ith a chill, pleuritic pain m the 
chest, cough and bloody, tenacious sputum Phy sical examination, Xoy ember 25, 
elicited tne signs of pulmonary consolidation in the left mfraclai'icular fossa 
and the apex of the left axilla The skm and the sclerae vrere icteriC Blood 
examination, Xoy ember 26* hemoglobin, 60 per cent, white cells, 36,880 per 
cmm., differential count, polynuclear leukocytes 91 per cent, Ijmohocy'tes 5 
per cent, large mononuclears 1 per cent, eosinophils, 1 per cent , mast cells, 
2 per cent Blood culture shoved pneumococci belonging to Type IV The 
Wassermann reaction v.as negatiye Urine ercaminations shoved a small 
amount of albumin and bilirubin The sputum vas typically pneumonic in tjpe 
and V as neepb bile stained 

The crisis occurred on the fourth day m the hospital The icterus disap- 
peared on the tvrelfth day The signs of pulmonary consolidation had disap- 
peared by December 8, both on ph 3 sical exammation and by the roentgen ray* 

Ci-SE 1^ — ^A. B, white, man, aged 23 vas admitted to St Luke’s Hospital 
Xoy 22 1917, and discharged recovered Dec 13, 1917 

Diagnosis Lobar pneumonia (stage of resolution) 

Xo history* vas obtainable, due to the patient’s inability to talk English 
The patient entered the hospital during the pneumonic crisis On phy*sical 
exammation, Xoy ember 22, there were found the signs of pulmonary con- 
solidation in the entire upper lobe of the right lung There were numerous 
medium and fine crackling rales throughout this lung There yyas some cough, 
yyith mucopurulent, bloody sputum Blood exammation, Xovember 22. hemo- 
globin, 62 per cent., white cells, 8160 per cmm , differential count, polynuclear 
leukocytes, 67 per cent., lymphocytes, 31 per cent, large mononuclears, 2 per 
cent The Wassermann reaction v.as positne The urine examinations were 
negative Phenolsulphonephthalein excretion v,*as 60 per cent in two hours 
The sputum vas mucopurulent and slightly streaked v.ith blood It did not 
contain acid fast bacilli 

^ In about one v.eek the cough and sputum ceased Bj* December 4 the signs 
of pulmonar;* consolidation had disappeared 

la— J G, vhite, man, aged 35, v,as admitted to St Luke’s Hospital 
Dec 17, 1917, and discharged recovered Jan 4, 1918 

Diagnosis Lobar pneumonia 

The patient did not speak English and no historj' v.*as obtained- On physi- 
cal examination, December 18, signs of pulmonary consolidation were present 
m the apex of the right axilla, the right suprascapular fossa and the right 
mtrascapular region There was no cough and no expectoration. Blood exami- 
nation, December 7. hemoglobin, 80 per cent; vhite cells, 23,000 per cmm ; 
differential count, poU'nuclear leukocytes, 93 per cent, lymphocytes, 2 per 



730 


C IV M’CLURE 


ARCH INT 


cent , large mononuclears, 5 per cent Urine examinations showed occasionally 
a trace of albumin Phenolsulphonephthalein excretion was 60 per cent in two 
hours 

The crisis occurred the third day in the hospital The signs of pulmonary 
consolidation had almost disappeared by December 29, and on January 4 were 
no longer present 

Case 16— P D, white, boy, aged 20, was admitted to St Luke’s Hospital 
Nov 17, 1917, and discharged recovered Jan 11, 1918 

Diagnosis Typhoid fever 

The patient did not speak English and no history was obtained The 
physical examination was essentially negative Roentgenographic studies of 
the lungs were negative The course of the disease was that of a case of 
typhoid fever with marked passive delirium Blood examination, November 17 
hemoglobin, 70 per cent , white cells, 5,040 per cmm , differential count, poly- 
nuclear leukocytes, 68 per cent , lymphocytes, 19 per cent , large mononuclears, 
13 per cent Two Widal reactions and two blood cultures were negative The 
Wassermann reaction was negative The urine contained a considerable amount 
of albumin throughout the period of fever, and also a variable number of casts 
These findings disappeared after the fever subsided Phenolsulphonephthalein 
excretion was 60 per cent in two hours Examination of the feces was 
negative 

Case 17 — J S, vhite, man, aged 35, was admitted to St Luke’s Hospital 
Oct 4, 1917, and discharged recovered Nov 15, 1917 

Diagnosis Typhoid fever 

The past medical history was unimportant The present illness had begun 
five days prior to admission to the hospital, with malaise, lassitude, anorexia 
and cpistaxis During this period the patient was confined to bed On physical 
examination, October 5, the liver and spleen were palpated at the costal 
margins Otherwise the examination was essentially negative Blood exami- 
nation, October 5 hemoglobin, 70 per cent , white cells, 4,000 per cmm The 
Widal reaction was positive in a dilution of 1 80 Urine examinations were 
negative Phenolsulphonephthalein excretion was 60 per cent in two hours 
The index of urea excretion (McLean) on October 15 was 119 per cent, and 
on November 1, 243 per cent Blood urea nitrogen was 8 mg per 100 c c of 
blood 

The patient had continuous fever for the first five ‘days m the hospital A 
recrudescence occurred from the fourteenth to the sixteenth days The enlarged 
spleen disappeared with the approach of convalescence There were no symp- 
toms manifesting severe toxemia 

Case 18 — G K , white, man, aged 37, was admitted to St Luke’s Hospital 
Oct 2, 1917, and discharged recovered Nov 10, 1917 

Diagnosis Typhoid fever 

The past medical history was unimportant The patient had been confined 
to bed for the five days prior to admission to the hospital with headache, 
malaise, chilliness and feverishness On physical examination, October 3, the 
spleen was palpated at the left costal margin Otherwise the examination was 
essentially negative Blood examination, October 3 hemoglobin, 80 per cent 
(Sahli) , uhite cells, 5,000 per cm , the Widal reaction was negative Urine 
examinations vere negative except for an occasional trace of albumin Phe- 
nolsulphoncphthaicin excretion uas 50 per cent m two hours The index of 
urea excretion (McLean) was 276 per cent on November 1, and the blood 
urea nitrogen uas 7 mg per 100 c-c 

The patient had fever vhile under observation for a period of ninteen days 
There uere no complications and no symptoms of severe toxemia The enlarged 
spleen disappeared near the end of the febrile period 
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Urinary Creatin, Creatinin, and Uric Acid in Fevers — (Conhmied) 
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Urixary Creatix, Cre^tixik, and Uric Acid in Friers — {Continued) 
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1 994 

ICO 

24 







, 93 4 

SO 

18 


27 

1,605 

0 401 

1011 

0128 

, 994 

96 

21 







; 98 4 

£0 

20 


28 

1,615 

0 349 

1 153 

0000 

' 102 0 

94 

24 







1 93 4 

£0 

20 


29 

1,635 

0383 

1079 

0 000 

56 5 1 

100 0 

92 

i 24 





> 


] 976 

72 

20 


SO 

1,005 

0 376 

1054 

0000 

, 994 

92 

24 







, 98 i 

1 

84 

20 


36 



» 

i 


57 i 




O 

1 



i 

j 


54 5 





o 

*J 

1,010 

0 532 

1 772 

0 303 

' 104 6 

112 

23 







j 102 4 

100 

24 


4 

2,005 

0 783 

2228 

0000 

, 105 0 

120 

24 







, 103 0 

KB 

24 


5 

2,tj20 

0 573 

1353 

0 098 

1 104 8 

120 

23 







j 102 0 

110 

24 


6 

2,965 i 

0 705 

3 411 

0 295 

1 104 6 

120 

28 





. 

1 

j 102 8 

103 

24 


7 

1,900 

0 760 

1 727 ' 

0 393 

' 104 6 

128 

26 





! 


1 102 4 

104 

24 


8 

2,645 

0 777 

1762 i 

0 340 

’ 104 4 

124 

28 





1 

! 


1 102 8 

108 

24 


9 

1,030 

0 362 

0 903 1 

0 241 


104^ 

132 

28 




‘ 

i 


! 102 8 

103 

24 


10 

1 ,515 

0 765 

1 515 j 

0 321 

1 104 4 

132 

28 




I 

1 

! 

103 0 

104 

24 


734 


C 


W M’CLURE 


ARCH 


Urinary Creatin, Creatinin, and Uric Acid in FcvERS —( CojtHnued ) 


Case 

No 

Dai m 
Hos 
pital 

Amount 

of 

Urine m 
24 Hrs 
m 0 c 

Dnc 
Acid 
m Gm 

Oreat- 
inin 
in Gm 

Crea- 

tm 

m Gm 

Weight 

In 

Kg 

Maximum and Minimum 

Temper- 
ature, K 

Pulse 

Eespira 

tion 

3 

11 

1,1S0 

0583 

1478 

0371 

1 

104 4 

126 

28 

(cont ) 






1 

102 8 

106 

24 


12 

1,645 

0 992 

1645 

0 464 

[ 

104 4 

124 

26 








102 0 

110 

24 


13 

1,450 

0 541 

1 291 

0 348 


104 4 

126 

26 








102 0 

112 

24 


14 

1,690 

0 625 

1318 

0 372 

j 

104 0 

120 

20 








100 8 

100 

20 



1,840 

0 523 

1175 

0 459 


103 8 

120 

24 


16 j 




i 


101 4 

100 

22 



1,660 

0 631 

1 566 

0 510 


104 0 

124 

24 


16 1 






101 0 

lOO 

24 


1 

17 

1,005 

0383 

0 824 

0 352 


103 6 

124 

24 








101 4 

100 

24 


18 

2,135 

0 918 

1524 

0 312 

48 

102 8 

116 

24 








1010 

100 

24 


19 

1,130 

0 471 

0 831 

0300 


102 8 

108 

24 








99 0 

100 

24 


20 

1,740 

0 491 

1 242 

0411 


102 0 

104 

24 








99 8 1 

96 

24 


21 

1,810 

0500 

1158 

0 344 


103 0 

120 

24 








994 

80 

20 


22 

1,370 

0 438 

1055 

0 320 


103 0 

112 

24 








996 

92 

24 


23 

1,470 

0 406 

1035 

0190 


102 8 

110 

24 

1 

1 

1 




990 ’ 

92 

24 

' 24 

1 2,330 

0 489 

1192 

0 220 


102 6 

112 

21 








990 

99 

22 


25 

1,110 

0 317 

0 855 

0154 


102 6 

108 

24 








99 6 

100 

24 


, 26 

1,246 

0 311 

0 871 

0125 


1010 

100 

24 


1 






98 6 

96 

24 


27 

1,435 

0 321 

0 890 

0129 

45 

100 0 

104 

24 








99 0 

92 

20 


28 

1,505 

0 341 

0 873 

0106 


lOOO 

108 

24 








98 6 

84 

24 


29 

1,165 

0 289 

0 866 

0 096 


100 0 

108 

24 








98 6 

84 

24 


30 

1,495 

0 332 

0 897 

0 089 


99 6 

96 

24 








98 4 

92 

20 


31 

1,445 

0 275 

0850 

0104 


100 0 

116 

24 








98 6 

96 

24 


32 

1 1,385 

0 305 

0 831 

0083 


998 

100 

24 



1 





98 0 

88 

24 


' 33 

1740 

0386 

0 887 

0122 

44 

99 0 

100 

24 








98 0 

92 

24 


34 

1065 

0 473 

0 902 

0 063 


998 

lOO 

24 


. 






990 

92 

24 



'2, 1918 


CREATIN EXCRETION IN FEVER 735 


Urinary Creatin, Creatinin, and Uric Acid in Fevers — (Contimied) 


Case 

No 

Day in 
Hos 
pital 

Amount 

of 

Urine in 
24 Hrs 
inCe 

Uric 
Add 
in Gm 

Oreat- 

Inin 

In Gm 

Crea- 

tin 

in Gm 

Weight 

in 

Eg 

Maximum and Minimum 

Temper- 
ature, D 

Pulse 

Eespira- 

tion 

3 

35 

1,580 

0 342 

0 585 

0 000 


99 0 

94 

24 

(cont ) 







97 8 

92 

24 


36 

1,030 

0 254 

0990 

OOOO 


994 

100 

24 








98 4 

86 

24 


37 

1,155 

0 328 

0 962 

0 000 


99 4 

100 

24 








98 4 

84 

24 

i 

1 





68 





8 

1,260 

0 433 

0 764 

0 270 


1010 

108 

28 








100 0 

96 

24 


« 

4 

1,690 

0 644 

0 975 

0 433 


100 4 

100 

24 








996 

84 

24 


6 

920 

0 465 

0 634 

0 239 


100 0 

104 

24 








99 6 

84 

20 


6 

1,460 

0 348 

0 983 

0 554 


100 0 

104 

24 








990 

86 

22 


7 

1,640 

0 263 

1077 

0 423 


lOOO 

102 

24 








99 0 

88 

24 


8 

1,110 

0 603 

0 782 

0 450 


1010 

98 

24 








100 0 

92 

20 


9 

1,430 

0 595 

1021 

0 722 

53 

1010 

103 

26 








1000 

92 

24 


10 

1,065 

0 429 

0 934 

0 397 


100 6 

100 

24 








98 8 

92 

20 


11 

1,230 

0 425 

1025 

0 256 


lOOO 

108 

24 








994 

96 

22 


12 

1,055 

0 449 

1059 

0 039 


100 0 

100 

24 








99 6 

92 

22 


13 

635+ 

0 358+ 

0 635+ 

0 070+ 


100 0 

100 

24 








98 0 

88 

20 


14 

1,295 

0 481 

0 481 

0 000 


100 0 

106 

26 








990 

92 

20 


15 

1,075 

0 546 

0 895 

0 000 

53 

100 0 

100 

24 








98 6 

92 

20 


16 

1,525 

0 360 

0 802 

0 000 


99 6 

96 

24 








98 6 

84 

20 


17 

1,645 

0 382 

1096 

0 000 


1000 

92 

20 








98 0 

80 

20 


18 

1,540 

0 360 

0 887 

0 000 


99 4 

94 

24 








984 

80 

20 


19 

1,350 

0 235 

0 860 

OOOO 


990 

88 

22 








97 6 

72 

20 


20 

1,225 

0 279 

0 872 

0 000 


99 8 

84 

22 








98 0 

76 

20 


21 

1,565 

0 290 

0 972 

OOOO 


100 0 

92 

24 








98 0 

84 

20 


22 

1,505 

0 293 

0 753 

0000 


lOOO 

84 

24 








97 6 

80 

24 


23 

1,040 

0 213 

0 732 

0 000 


994 

84 

24 








98 4 

80 

24 



736 


C IV M’CLURE 


ARCH 


in: 


Urinary Creatin, Creatinin, and Uric Acid in Fevers— (Contmucd) 


Case 

No 

Day in 
Hos 
pital 

Amount 

of 

Urine m 
24 Hrs 
in 0 c 

Unc 

Acid 

mGm 

Great 
inin 
in 6m 

Crea- 

tin 

m6m 

Weight 

m 

Kg 

Maximum and Minimum 

Temper 
ature, F 

Dulse 

Eespira 

tion 

4 

24 

1,690 

0 345 

0 896 


55 5 

990 

100 

24 

(cont ) 







98 0 

80 

24 


25 

1,060+ 

0138+ 

0 498 



99 0 

80 

20 








98 0 

68 

20 


20 

2,090 

0 359 

0 836 

OOOO 


990 

84 

22 







1 

98 0 

80 

20 


27 

2,220 

0 555 

0 844 



990 

80 

22 








98 4 

78 

22 


28 

1,980 

0 360 

0 891 



990 

84 

24 








97 6 

80 

20 


29 

2,260 

0 305 

0 981 

0000 


99 0 

84 

24 








98 4 

80 

24 


1 

765 

0 265 

1178 

0 393 

58 

101 0 

90 

24 








1010 

84 

24 


2 

970 

0 694 

1178 

0 398 


1010 

108 1 

so 








99 0 

96 

24 


3 

970 

0 584 

1469 



99 0 

104 

28 






1 


98 0 

76 

24 


4 

825 ' 

0584 

0 993 

0148 


990 

88 

24 








97 0 

64 

24 


6 

965 

0 314 

1072 



98 6 

86 

24 








976 

60 

20 


6 

9S0 

0 524 

1063 


57 

98 6 

86 

24 








97 0 

60 

20 


7 

1,720 

0 593 

1 536 



98 0 

84 

20 








97 0 

56 

18 


1 ^ 

1,025 

0 391 

0977 



98 6 

84 

20 



j 



1 


97 0 

56 

18 


9 

1.110 

0 221 

1356 

0 000 


98 8 

72 

20 








97 0 

68 

18 


10 

1,200 

0 314 

1000 



98 8 

68 

22 







1 

97 4 

56 

20 


11 

1,455 

0 342 

1323 



98 0 

64 

22 








97 8 

56 

18 


12 

1,440 

0 314 

0 986 

0000 


98 6 

70 

20 








976 

60 

18 


13 

1,970 

0 406 

1447 

OOOO 

67 

98 6 

64 

20 








98 0 

52 

18 


14 

5957 

7 

7 

0000 


99 0 

68 

20 








980 

52 

20 


15 

lost 





994 

64 

20 








98 6 

60 

18 


16 

1,280 

0 320 

1600 



100 8 

84 

20 








990 

64 

20 


17 

885 

0 278 

1106 



100 e 

88 

20 








98 6 

80 

20 


18 

725 

0 207 

0 761 



101 4 

84 

20 








98 6 

80 

20 


19 

5007 

7 

7 

0 000 


100 0 

88 

20 








998 

80 

20 
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CREATIN EXCRETION IN FEVER 


737 


Urinary Creatin, Creatinin, and Uric Acid in Fevers — (^Continued) 


Case 

No 

Day in 
Hos 
pital 

Amount 

of 

Unne m 
24Hrs 
in 0 c 

Unc 
Acid 
in Gm 

Creat- 
inin 
in Gm 

Crea- 

tin 

in Gm 

f 

Weight 

in 

Kg 

Maximum and Minimum 

Temper- 
ature, F 

Pulse 

Respira- 

tion 

5 

20 

1,065 

0213 

1 325 

0000 


103 0 

100 

24 

(cont ) 






d 

99 8 

80 

24 


21 

640? 

? 

? 

0 000 


102 8 

lOO 

24 








99 8 

80 

24 


22 

1,165 

0 422 

1 354 

0 000 


1016 

112 

24 








99 8 

84 

24 


2g 

1,065 

0 309 

1416 

0000 


103 4 

100 

26 








100 0 

88 

24 


24 

595? 

? 

? 

0 000 


103 6 

100 

26 








100 0 

88 

24 


25 

985 

0 296 

1231 

0 000 


103 0 

108 

24 








990 

80 

24 


26 

970 

0 258 

1241 

0 000 


102 6 

112 

24 








99 0 

88 

24 


27 

795 

0 222 

0 897 

oooo 

57 

100 6 

lOO 

24 








99 0 

76 , 

24 

6 

1 





55 5 


1 



2 

1,435 

0 382 

1195 



1010 

112 

28 






j 


99 0 

88 

24 


3 

1,000 

0 286 

1428 



100 4 

100 

28 




i 




98 6 

88 

20 


4 

1.225 

0 316 

1286 



100 4 

100 

24 




1 




980 

98 

20 


5 

1,710 

0 414 

1485 

0 000 


100 6 

100 

24 








990 

88 

20 


6 

1,260 

0 344 

1399 

0000 


1010 

96 

24 



i 


1 



98 6 

80 

20 


7 

1,355 

0 343 

1 693 ' 

0 000 


100 8 

96 

30 


j 

1 





97 0 

80 

20 


8 

950 1 

0 226 

0 950 

0000 


1010 

100 

24 








980 

84 

24 



845 

0 218 

1082 

oooo 


100 0 

96 

26 


1 






98 8 

80 

20 

I 

10 

1,855 

0 549 

1886 

0000 


1010 

104 

24 








980 

80 

20 


11 

1,200 

0 374 

1132 

oooo 

55 

1010 

116 

24 








97 4 

80 

20 


12 

1,245 

0 413 

1270 

oooo 


100 4 

104 

26 








974 

76 

20 


13 

1,690 

0 874 

1272 

oooo 


100 4 

104 

26 








976 

84 

20 


14 

1,260 

0 398 

1168 

oooo 


100 6 

lOO 

24 








98 0 

80 

24 


15 

1,435 

0 495 

1121 

0184 


100 0 

92 

24 








990 

84 

. 20 


16 

1,220 

0 426 

0 961 

0 085 


998 

96 

20 








970 

80 

20 



738 


C 


W MCCLURE 


ARCH 1 


Urinak\ Creatin, Creatinin, and Uric Acid in Fevers — (^Continued) 


Case 

No 

Dav m 
Hos 
pital 

Amount 

of 

Urine in 
24 Hrs 
m 0 c 

Uric 
Acid 
in Gm 

Great 
inin 
in Gm 

Ore a 
tin 

>n Gm 

Weight 

m 

Kg 

Maximum and Minimum 

Temper 
ature, K 

Pulse 

Hespira 

tion 

c 

17 

1,965 

0 623 

1193 

0000 


99 8 

96 

24 

(cont ) 







974 

72 

20 


18 

1,490 

0 709 

1550 

0000 


996 

84 

22 








97 0 

74 

20 


19 

1,000 

0 351 

0606 

0000 


998 

108 

26 








98 0 

80 

22 


20 

1,185 

0 624 

0 823 

0000 


100 6 

96 

24 








98 0 

76 

24 


21 

1,970 

0 624 

2 052 

oooo 


994 

88 

24 








98 0 

80 

24 


22 

2,095 

0 468 

1360 

0 052 


99 4 

92 

24 








97 6 

76 

24 


23 

1,045 

0 313 

0 746 

0000 


994 

94 

24 








97 0 

80 

20 


24 

2,315 

0 659 

1928 

0000 


990 

100 

24 





1 



98 0 

76 

20 


25 

1,890 

0 574 

1 491 

0000 

56 4 

998 

88 

24 







1 

98 4 

80 

20 


26 

2,030 

0 498 

1 326 

0000 


100 6 

80 

24 








98 0 

64 

20 


£7 

1,980 

0 340 

1356 

0 000 


99 8 

104 

28 








970 

76 

20 


28 

1,845 

0 442 

1229 

0000 

1 

994 

lOO 

24 








970 

76 

20 


29 

1,475 

0 369 

1134 

oooo 


lOOO 

90 

24 








97 0 

76 

24 


SO 

2,110 

0 611 

1319 

0 000 


98 0 

80 

24 



1 





970 

74 

20 


31 

2,140 

0 413 

1189 

oooo 

568 

99 0 

88 

20 








970 

76 

20 


32 

1,630 

0 370 

1233 

oooo 


990 

1 

84 

24 








97 4 

76 

20 


33 

3676 

0609 

1295 

oooo 


100 4 

104 

24 








97 0 

80 

20 

7 

1 





605 





3 

940 

0 368 

1880 

oooo 


102 8 

112 

28 








100 0 

90 

20 


1 

300 

0125 

0 624 

0090 


102 0 

116 

28 








100 0 

104 

22 


5 

495 

0136 

0K2 

oooo 


102 0 

112 

28 








1010 

92 

24 


6 

535 

0 214 

1027 

0160 


102 6 

120 

SO 








990 

88 

22 


7 

850 

0 340 

1 828 

oooo 

59 

102 0 

104 

28 








100 0 

88 

22 


8 

630 

0 265 

0 958 

oooo 


102 6 

112 

28 








100 4 

96 

20 


9 

GOO 

0 333 

0 636 

0 012 


102 6 

112 

28 








998 

96 

20 



R. ms 


CREATIN EXCRETION IN FEVER 


739 


Urinary Creatin, Creatinin, and Uric Acid in Fevers— (C onhwited) 


Case 

No 

Day m 
Hos 
pital 

Amount 

of 

Urine in 
24 Hrs 
in 0 c 

Unc 
Acid 
m Gm 

Creat- 
inin 
in Gm 

Crea- 

tin 

m Gm 

Weight 

in 

Kg 

Maximum and Minimum 

Temper- 
ature, 3? 

Pulse 

Respira- 

tion 

7 

10 

1,370 

0 760 

1956 

0000 


102 8 

98 

24 

Icont ) 







100 0 

92 

24 


11 

895 

0 497 

1395 

OOOO 


103 0 

100 

28 








100 0 

92 

24 


12 

630 

0 262 

0663 

0000 


102 0 

104 

24 








100 0 

88 

24 


13 

1,315 

0 644 

1879 

0 000 


102 0 

104 

28 








994 

92 

24 


14 

1,2(K 

0 522 

1401 

0000 


1014 

96 

26 








98 4 

88 

24 


15 

1,860 

0 791 

1281 

0000 


102 4 

92 

24 








990 

80 

24 


16 

895 

0 373 

0 983 

0000 

67 

1010 

90 

24 








98 8 

80 

20 


17 

1,260 

0 531 

1679 

0 000 


1010 

100 

26 








98 0 

98 

24 


18 

1,045 

0580 

1453 

0 000 


1010 

92 

24 








990 

88 

20 


19 

820 

0 480 

1040 

0000 

67 

100 4 

92 

28 








98 6 

76 

20 


20 

1,160 

0 575 

1239 

0000 


996 

104 

24 








980 

76 

24 


21 

1,235 

0 413 

1107 

0000 


100 0 

90 

24 








984 

80 

24 


22 

1,280 

0288 

1254 

0000 


1010 

84 

26 








986 

76 

24 


23 

2,195 

0 442 

1462 

0 000 


100 0 

90 

28 








990 

76 

24 


24 

2,075 

0 461 

1 597 

0000 


lOOO 

80 

24 








98 0 

48 

24 


25 

1,740 

0 435 

1 390 

0000 


100 0 

88 

24 








984 

76 

20 


26 

2,165 

0 476 

1 442 

OOOO 


100 0 

84 

22 








97 0 

74 

20 


27 

1,430 

0 358 

1 191 

0000 


996 

96 

20 








98 0 

80 

20 


28 

1,310 

0 375 

1284 

0000 

67 

100 0 

84 

20 








98 0 

80 

20 


~ 29 

1,230 

0 377 

1168 

0000 


100 0 

82 

22 








978 

80 

22 


30 

1,690 

0 449 

1 604 

0101 


100 0 

84 

22 








98 8 

72 

18 


31 

1,690 

0 436 

1 301 

0000 


100 0 

92 

20 








98 0 

72 

20 


32 

630 

0 207 

0 838 

0000 


100 0 

84 

20 








98 4 

76 

20 


33 

1,116 

0 297 

1035 

0000 


994 

80 

20 








98 6 

64 

18 

8 

2 





66 4 







C W M'CLURE 


ARCH IN 


Urinary Creatin, Creatinin, and Uric Acid in Fevers— (Contimied) 


Amount 

Case Day In of Uric Great 
No Bos Urine in Acid min 
pital 24 Hrs in Gm in Qm 
in O 0 


8 , 
(cont ) 


1,785 0 723 2 173 

890 0 494 1 711 

840 0 484 1 389 

1,505 0 849 1 273 

1,555 0 524 1 233 


8 1,220 0 437 1 220 

9 1,185 0 407 0 813 


10 *1,715 0 403 1 271 


1,835 0 382 1 207 

1,980 0 384 1 253 

1 760 0 305 1 035 


14 1,520 0 319 1 247 

15 1,650 0 252 0 999 


16 1,490 I 0 322 1 418 

17 2,440 1 0 356 1 220 


1,605 0 337 1 203 


19 1,985 0 256 1113 


815 0 282 1 630 

725 0 805 1 450 

875 0 364 1 093 

1,250 0 363 1 662 

1,075 0 325 1 247 

900 0 307 1 449 


8 1 085 0 304 1 550 


1 

Crea ' 
tin 

in 6m 

Weight 

in 

Kg 

0111 


0 000 


0000 


0 071 


0 000 


0000 

51 

0 098 


0000 


0000 


oooo 


0032 


oooo 


0 000 


oooo 


oooo 

55 5 

oooo 


oooo 

68 

oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 



Maximum and Minimum 


Ecspira 

tion 
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Urinary Creatin, Creatinin, and Uric Acid in Fevers — {ConUmied) 


Case 

No 

Day in 
Hob 
pital 

Amount 

of 

Urine la 
24 Hrs 
m 0 c 

Unc 

Acid 

In Gm 

Oreat- 

Inln 

In Gm 

Orea- 
tin 
in Gm 

Weight 

in 

Kg 

Maximum and Minimum 

Temper- 
ature, K 

Pulse 

Eesplra- 

tion 

9 

9 

1,510 

0 380 

1676 

0000 


100 0 

80 

20 

(eoDt ) 







98 4 

68 

18 


10 

1,020 

0 271 

1132 

0 000 


. 102 0 

80 

24 








988 

64 

24 

1 

11 

1,800 

0 867 

1800 

0000 


990 

80 

24 








98 6 

64 

24 

i 

12 

1,520 

0 328 

1620 

0000 

68 

99 4 

80 

24 








98 6 

64 

24 


13 

1,330 

0 287 

0 838 

0000 


99 8 

80 

24 

1 







98 4 

60 

18 


14 

1,600 

0 302 

1363 

oooo 


99 0 

80 

24 



1 

1 


1 



98 0 

72 

24 


16 

1,410 

0 263 

1128 

oooo 


990 

72 

20 








98 6 

60 

20 


16 

1,120 

0193 

1018 

0000 


99 4 

72 

20 




! 




98 4 

64 

20 


17 

2,136 

0 405 

1836 

oooo 


994 

92 

24 








980 

60 

24 


18 

1,476 

0 319 

1287 

oooo 


98 8 

80 

24 








98 0 1 

72 

24 


19 

2,000 

0 554 

1638 

oooo 

68 

98 8 

74 

24 



1 

t 




98 4 

60 

24 


20 

800 

0 262 

0 869 

oooo 


99 8 

74 

24 








98 4 

60 

24 


21 

1,295 

0 204 

1439 

oooo 

1 

98 6 

68 

24 







i 

97 6 

60 

24 


22 

1,655 

0 320 

1793 

oooo 


98 6 

72 

24 





1 



980 

72 

24 


23 

1,380 

0 299 

1254 

oooo 


98 6 

1 68 

24 








98 6 

68 

24 

10 

2 



• 


64 





3 

790 

0 465 

1286 

oooo 


102 8 

112 

28 








102 0 

100 

28 


4 

736 

0 282 

1049 

0118 


103 0 

112 

28 








100 8 

100 

28 


6 

630 

0 494 

1050 

0 626 


103 0 

112 

28 








101 4 

92 

26 


6 

490+ 

0 416+ 

0 650+ 

0 413+ 


103 0 

110 

28 








1016 

96 

26 


7 

770 

0638 

1070 

0 470 

61 

102 8 

102 

28 








1014 

96 

26 


8 

620+ 

0 298+ 

0 741+ 

0 468+ 


102 6 

108 

28 








100 6 

100 

28 


9 

340+ 

0 291+ 

0 607+ 

0 364+ 


102 6 

104 

26. 








1010 

96 

26 


10 

710 

1065 ' 

1291 

0 577 


102 6 

lOS 

28 



1 





100 6 

100 

28 



C W M’CLURE 


ARCH IN 


Urinary Creatin, Creatinin, and Uric Acid in Fevers— (C ouhnwcrf) 


Amount 

IBB Day m of 


Hos Urine in Acid 
nltnl I 24 Hrs I in Gm 
in 0 c 


Uric Great- Crea- Weight 



Maximum and Minimum 
remper I ( Respir i 


820 

0 455 

0 960 

OOOO 

680 

0 358 

0 722 

0000 


0 421 

0 812 

0000 


0 219 

0 760 

0000 


? 

0 756 

0000 


0 440 0 967 

0 378 0 758 

0 628 0 859 

0 535 0 886 


0 967 I 0000 
0000 
0 859 0 OOO 

0886 0000 

0 540 + 0 136+ 


0 612 0 855 

0 580 0 812 


1000 0 000 

0 855 0 000 


0 580 0 812 0 000 

0 562 0 909 0 000 

26 4 

0 273 0 542 0 139 

0 247 0 473 0 107 

0 237 0 362 0 045 27 7 

0312 0 494 0 093 

0 298 0 465 0 037 

0 353 0 630 0 000 

0 262 0 600 0 000 

0 230 0 523 0 000 


Weight 

in 

Kg 

Temper 
ature, P 

Pulse 

48 6 



45 




102 0 

112 


100 0 

96 


102 0 

124 


lOOO 

96 


102 4 

H2 


100 0 

83 


102 8 

120 


100 0 

88 


103 0 

132 


100 0 

100 

45 

103 0 

128 


lOOO 

116 


103 0 

132 


102 0 

112 


102 6 

132 


100 0 

104 


103 6 

132 


100 4 

108 


103 0 

124 


100 0 

lOO 


103 4 

124 


99 0 

118 

45 

102 8 

120 


990 

96 


102 0 

110 


100 0 

88 


102 0 

112 


lOOO 

96 


102 0 

104 


998 

96 

26 4 




102 0 

116 


97 8 

80 


1010 

100 


98 0 

80 

27 7 

99 0 

96 


98 4 

80 


990 

100 


97 8 

80 


990 

92 


984 

98 4 


996 

104 


986 

80 


99 6 

88 


98 6 

80 


100 0 

112 


98 6 

80 
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SR. 


Urinary Creatin, Creatinin, and Uric Acid in Fevers— (C onfinitcd) 


Case 

No 

Day in 
Bos 
pita] 

Amount 

of 

Unne in 
24Hrs 
m 0 c 

Unc 
Acid 
in Gm 

Creat- 
inin 
in Gm 

Crea- 
tin 
in Gm 

Weight 

in 

Kg 

Maximum and Minimum 

Temper- 
ature, F 

Pulse 

Respira- 

tion 

12 

15 

1,335 

0190 

0501 

0 000 


102 0 

124 

28 

(cont ) 







99 0 

80 

20 


16 

1,745 

0 454 

0 820 

0 000 


103 8 

132 

20 








100 8 

108 

24 


17 

770+ 

? 

? 

0 039+ 


104 4 

144 

28 








102 0 

100 

24 


18 

6S0+ 

? 

? 

0126+ 

318 

103 6 

128 

80 








101 6 

104 

24 


19 

1,035 

0 228 

0 517 

0 053 


104 0 

128 

30 








102 0 

92 

24 


20 

1,165 

0 238 

0 641 

0128 


103 4 

126 

24 








100 6 

108 

24 


21 

Lost 





103 0 

120 

24 








98 4 

92 

24 


22 

1,335 

0 254 

0 668 

0 260 


102 0 

124 

24 








98 6 

92 

24 


23 

1,245 

0187 

0 401 

0187 


101 0 

104 

24 








97 8 

90 

24 


24 

1,255 

0196 

0402 

0100 


100 8 

88 

24 








97 4 

80 

24 


25 

1,285 

0 276 

0 510 

0 086 

29 

100 0 

92 

24 








974 

84 

24 


26 

1,375 

0 261 

0 491 

0000 


98 6 

80 

24 








97 4 

88 

24 


27 

810 

? 

0336 

0 046 


99 0 

88 

24 








974 

80 

24 


28 

1,236 

0152 

0 449 

0 055 


98 8 

84 

24 








97 8 

68 

24 


29 

1,536 

0 307 

0 421 

0 045 


98 6 

84 

24 








978 

76 

24 


30 

1,385 

0 204 

0 449 

0 023 


98 6 

80 

24 








97 6 

72 

24 


31 

1,355 

0194 

0 386 

ooop 


990 

96 

24 







98 0 

92 

24 


32 

875 

? 

0 355 

0 000 


98 6 

84 

24 








98 4 

SO 

24 


S3 

1,355 

0 329 

0 430 

0 040 

SO 

98 6 

84 

24 








98 0 

80 

24 


34 

1,530 

0 318 

0 424 

0 071 


99 0 

88 

24 








978 

80 

24 


35 

1,010 

0509 

0 323 

0 064 


98 6 

84 

24 








97 6 

80 

24 


36 

1,695 

0 295 

0 470 

0061 


98 6 

90 

24 








98 4 

76 

24 


87 

1.020 

0 265 

0 400 

0 057 


1010 

88 

24 








98 0 

80 

24 


SO 





314 






744 


C W M’CLURB 
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Urinary Creatin, Creatinin, and Uric AaD in Fevers — {Continued) 
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745 


Urinary Creatin, Creatinin, and Uric Acid in Fevers — {.Continued) 


Amount 

e Day in of 
Hos Urine in 
pital 24 Hrs 
m 0 c 


2 1,140 

3 1,150 


6 1,935 

7 1,850 

8 1,845 

9 2,025 

10 1,320 

11 1,520 

12 2,116 

13 1,250 

14 1,845 

15 1,310 

16 1,715 

17 1,826 

18 1,576 

19 1,885 

20 1,435 


Unc 
Add 
in Gm 

Cxeat- 

inm 

In Gm 

Crea- 
tin 
in Gm 

Weight 

in 

Eg 

Maximum and Minimum 

Temper- 
ature, P 

Pulse 

Respira- 

tion 




55 5 




0 414 

0 950 

0 095 


998 

80 

SO 





978 

60 

20 

0 460 

0 756 

0 337 


98 6 

68 

20 





97 6 

62 

18 

1 136 

1635 

0 639 


98 4 

80 

20 





978 

66 

18 

0 636 

1037 

0 412 


102 6 

86 

24 





978 

62 

20 

0 549 

1 105 

0 482 


98 0 

64 

22 





97 6 

48 

18 

0 508 

1265 

0 301 


98 6 

64 

22 





98 0 

52 

18 

0 481 

1164 

0 362 


98 6 

60 

20 





97 8 

62 

16 

0 810 

1841 

0 409 


98 0 

72 

22 





97 0 

50 

18 

0 419 

1146 

0176 


98 6 

62 

20 





98 0 

60 

20 

0 496 

1408 

0000 

52 3 

99 4 

60 

20, 





98 0 

62 

18 

0 589 

1438 

0000 


990 

60 

20 





97 0 

46 

16 

0 356 

0 951 

0186 


98 6 

72 

20 





97 0 

60 

18 

0 419 

1317 

0124 

62 3 

990 

62 

24 





976 

44 

18 

0 304 

0 872 

0 097 


99 0 

52 

20 





98 0 

46 

18 

0 408 

1271 

0000 


990 

62 

18 





970 

46 

18 

0 416 

1293 

0000 


98 6 

60 

22 





974 

62 

18 

0 295 

1125 

0000 


98 6 

52 

20 





970 

44 

18 

0 346 

1 327 

0 000 


990 

62 

18 





970 

50 

18 

0 276 

1879 

0 000 


98 8 

60 

18 





970 

52 

18 

0 702 

1799 

0 257 

64 5 

104 0 

112 

32 





102 6 

100 

30 

0 670 

1354 

OOOO 


102 4 

104 

30 





97 0 

72 

26 

0 519 

0894 

0000 


98 6 

84 

26 





970 

72 

20 

0281 

0 621 

0 000 

i 

lOOO 

84 

26 





970 

56 

20 

0 332 

0 932 

0 000 


98 6 

84 

28 





964 

52 

24 
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C W M’CLURE 


ARCH 


INT 


Urinary Creatin, Creatinin, and Uric Acid in Eewzrs— {C ontinued) 


Cnse 

Day in 
Hos- 
pital 

Amount 

of 

Urine in 
24 Hrs 
in 0 c 

Uric 
Acid 
in Gm 

Oreat- 
inin 
in Gm 

Crea 

tin 

In Gm 

Weight 

in 

Rs 

Maximum and Minimum 

Temper- 
ature, P 

Pulse 

Eespira- 

tlon 


7 

1,590 

0 382 

1192 

0000 


98 0 

72 

24 

(cont ) 







96 0 

60 

24 


8 

935 

0 302 

0 982 

0000 

53 

990 

72 

24 








97 0 

60 

24 


9 

820 

0 248 

0 861 

0000 


100 0 

72 

24 








97 0 

62 

20 

IG 

1 





56 4 





14 





49 5 





24 

1 





48 




1 27 

1,920 

0 545 

0 720 

0161 


994 

88 

24 








984 

72 

20 


28 

2,210 

0 544 

0 914 

0136 


99 0 

84 

24 








97 6 

64 

22 


29 

1,573 

0 387 

0605 

OOol 


986 

84 

22 








980 

68 

22 


SO 

2,130 

0609 

0 895 

OOOO 


990 

84 

20 








976 

50 

20 


31 

1,805 

0 451 

0 794 

0000 


990 

80 

20 








97 8 

74 

20 


32 

1,410 

0 329 

oen 

0000 

45 4 

98 8 

80 

20 








97 0 

68 

20 


S3 

2125 

0 497 

0 748 

0 000 


994 

SO 

20 








980 

56 

20 


34 

1,8G0 

0 495 

0 874 

0 000 


994 

70 

20 








97 8 

60 

18 


35 

2,105 

0 493 

0 956 

0 000 


996 

72 

20 








98 0 

56 

20 


36 

1,335 

0 296 

0 621 

0000 


99 4 

68 

20 








97 4 

52 

18 


37 

1,995 

0 407 

0 866 

0000 


lOOO 

76 

20 








98 6 

64 

18 


38 

2,225 

0 387 

0 934 

0000 


100 0 

76 

22 








98 6 

72 

20 


39 

2,250 

0 392 

0 843 

OOOO 

48 

990 

72 

20 








984 

56 

18 


40 

1,990 

0 370 

0 915 

OOOO 


990 

72 

20 








990 

56 

20 





Gm of 










PsOe Ex 










creted in 










24 Hrs 






17 

10 

2 050 

0 957 




100 0 

90 









98 0 

80 



11 

1,440 

0 655 

2 476 


58 

lOOO 

80 









986 

75 



12 

1,540 

0 762 

2883 



990 

80 









980 

60 



13 

1,420 

0 551 

2 633 



990 

70 



* 






98 0 

60 
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Urinary Creatin, Creatinin, and Uric Acid in Fevers — (ConUnncd) 


Amount 

Case Day In of 
No Hos Urine in 
pital 24 Hrs 
m 0 c 


14 1,610 

15 1,390 

16 1,570 

17 1,460 

18 1,205 

19 1,810 

20 1,565 

21 1,565 

22 2,370 

23 2,000 

24 655 

25 1,970 

26 2,885 

27 2,200 

28 3,000 

29 2,430 

30 1,915 

I 

31 Lost 

32 2,585 

33 1,776 

34 1,980 

35 2,165 

36 1,615 

37 1,975 

38 1,930 


Uric 
Acid 
in Gm 


Gm of 

PsOb Ex- CreB' 
creted in tin 


Maximum and Minimum 


Respira 

tion 


Weight 

in 

Kg 

Temper- 
ature, P 

Pulse 


99 0 

70 


97 0 

60 


990 

80 


97 0 

60 


990 

80 


98 0 

70 


99 6 

90 


976 

60 

67 

99 0 

75 


97 4 

65 


98 6 

90 


970 

60 


102 4 

110 


970 

70 


104 4 

120 


102 4 

100 


1010 

100 


98 6 

80 

57 

98 8 

85 


98 0 

60 


996 

70 


97 0 

60 


99 8 

85 


98 0 

70 


99 0 

80 


97 6 

70 


99 4 

85 


97 4 

70 


990 

80 


97 0 

60 


98 6 

80 


97 8 

60 

63 5 

990 

80 


970 

70 


990 

80 


970 

60 


98 8 

65 


97 0 

60 


99 4 

80 


970 

65 

68 

98 6 

SO 


97 0 

70 


994 

85 


970 

65 


99 0 

80 


97 0 

70 


990 

80 


970 

60 
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C W M’CLURE 


ARCH INI 


Urinary Creatin, Creatinin, and Uric Acid in Fevers— (Contmtied) 


Case 

No 

Day m 
Hos 
pital 

Amount 

ol 

Urine m 

24 Hrs 
m 0 c 

Uric 
Acid 
in Gm 

Gm of 
PeOb Ex 
creted in 
24 Hrs 

Crea 

tin 

m Gm 

Weight 

in 

Kg 

Ma'cimura and Minimum 

Temper 
ature, F 

Pulse 

Bespira 

tion 

18 

10 

990 

0 681 

0 353 



102 6 

95 









996 

75 



11 

1,090 

0 579 

1020 


64 6 

102 0 

lOO 









100 6 

80 



12 

540 

0338 

0 412 



1014 

100 









100 0 

80 



13 

770 

0 613 

1245 



1014 

lOO 









99 4 

90 



14 

570 

0 456 

0 668 



102 0 

90 









100 0 

75 



15 

850 

0566 

1172 



102 4 

95 









lOOO 

70 



16 

760 

0 528 

1258 



102 4 

98 









1010 

70 



17 

450 

0 322 

1071 



102 4 

85 









100 0 

70 



18 

BOO 

0 410 

0 920 



102 0 

85 









1000 

75 



10 

680 

0 485 

1030 



1010 

90 









98 0 

65 



20 

1,090 

0 703 

1112 


645 

1010 

100 









994 

65 



21 

850 

0506 




1014 

80 









990 

60 



22 

850 

0606 

1236 



100 0 

70 









98 0 

60 



23 

1,430 

0 681 

1 511 



988 

70 









97 0 

55 



24 

1,570 

0809 

1299 



98 6 

so 



i 






97 0 

55 



25 

1,180 

0 625 




98 8 

70 









97 0 

55 I 



26 

1,900 

0 819 

1923 



98 6 

70 ' 









98 0 

60 



27 

2,985 

0 670 

1 470 



98 0 

70 









976 

60 



28 

2,530 

0 582 

2152 



98 6 

80 









97 6 

60 



29 

3,770 

0 710 

1848 


63 

99 0 










97 4 

55 



SO 

2,520 

0 538 

1305 



936 

75 









970 

60 



SI 

1,565 

0 425 

2 265 



98 0 

70 









97 6 

55 



S2 

1,085 

0 516 

2186 



97 8 

90 









970 

55 



33 

1,740 

0 442 




97 6 

65 









97 0 

55 
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Upjnapy CbelmTik, Creati:ni:?, axd Ueic Acid n>* Feyeps — iCohituued) 


J 

Case 1 
No i 

1 

Day m 
Hos- 
pital 

Amount 

of 

TJnne m ' 
24Hrs 
m C c. 

Xir,c 
Amd 
m Gm 

' Gm of 
PiOsEx-. 
crated in 
24Hrs 

J 

Cxea- 

tm 

inGm 

Weight 

m 

Eg 

Mammnm and ilmiimnn 

Temper- 
attire, F 

Potre 

Eesp’ra- 

tion 

18 

24 

1,205 

0X25 

t 


, 

9^0 

i 

75 I 


(cont.)’ 







&70 

55 I 


1 

25 

1,280 

0291 



3 

CS 4 

85 j 









97 0 

03 1 


! 

20 

1,425 

0X36 



62 ■ 

93 0 

iro i 









970 

00 



27 

1,020 

0-212 

■ 



esc 

70 








3 

070 

60 


{ 

23 

2,0S 

0413 

^ i 

, 


esc 

70 


! 




1 

f 


It 

970 

60 



29 

1,185 

0X91 

i 



974 

£0 






J 

j 


\ 

S70 

60 



43 

- 

- 

1 

f 

! 

• • 

a 






ARCH 1 


THE COMPARATIVE FOOD VALUE OF PROTEIN, FAT 
AND ALCOHOL IN DIABETES MELLITUS AS 

MEASURED BY THE NITROGEN EQUILIBRIUM-^ 

HERMAN O MOSENTHAL, MD 

AND 

GEORGE A HARROP, Jr, MD 

BALTIMORE 

In a previous publication^ it was claimed that probably the lowest 
diet which will conserve the physical and mental efficiency of the 
diabetic is that which maintains the nitrogen equilibrium of the patient 
The experiments reported at that time showed that on a so-called car- 
bohydiate-free diet, in which the proteins and fat were approximately 
equal to each other, gram for gram, maintenance, as measured by the 
nitrogen balance, was obtained at from 1,500 to 2,000 calories, the 
variations usually depending on the size and the sex of the patient 
No attempts were made to determine which of the ingredients of a 
starch-free dietary, fat, protein or alcohol, was the most efficient pro- 
tein sparer In order to administer a diet of as low caloric value as 
possible, and still establish maintenance, it is essential to have this 
information 

The aim of the present investigation is to determine the comparative 
value of protein, fat and alcohol as nitrogen sparers, when added to the 
“carbohydrate-free” diet in diabetes melhtus The patients observed 
were given diets of a constant protein, fat and starch content, and of 
such caloric value that there was a negative nitrogen balance The 
fats and proteins were approximately equal to each other, gram for 
gram , the carbohydrates were those unavoidably present in the green 
vegetables This constituted the control period, it was usually kept 
up for SIX days Subsequently, definite amounts of protein, fat and 
alcohol were added to the dietary, and the effect on the nitrogen 
balance noted The methods were the same as previously employed ^ 
One of the experiments is presented in detail in Table 1 All the other 
cases were studied by similar methods, but only a summary of the 
findings IS given in Tables 2 and 3 

* Submitted for publication July 29, 1918 

*From the Medical Clinic of The Johns Hopkins Hospital 

1 Moscnthal, H O, and Clausen, S W The Archives Int Med, i918, 

269 * 





TABLE 1 — Di iAm» Data iuom rui Oi?siRVAriONS on a Casc or Di\bi us Mmrrus, Mau, Agld 47, IIligiit, 177 Cm Tins Is an 
Exami’U 01 Tur ExruuMrNTs as Cauiuid Out in Each oi iru Casls, a Summary Oniy 

Bung PiirsiNTin in Taiuts 2 and 3 


Date 

Urlno 

I'ctcs 

Nttro 

iron, 

Gin 

N 

Ontimt, 

Gm 

N 

lul ikc, 
Gill 

N 

11 lUUKO, 
flin 

VooO. Gm " 

Calorics 

ViClRhl, 

ak 

OIu 

COSO, 

Gill 

\cotouo 
Hodloa 
as U o\y, 
Gill 

Nltio 

fji'ii, 

Oin 

I’lO 

loin 

Val 

1 

Onrbolij 
ill ate 

Mco 

hoi 

'I’ot ll 

, I’M 

1 A IT per 
Uu!, 

1 

ret 

So M 

poi 

Hour 

1/ 2/lS 

0 

001 

10 03 

1 12 

11 50 

11 no 

0 

71 ') i 

70 3 

1 

7 1 

0 

1,001 

19 3 

25 0 

519 

(/ yis 

0 

20 57 

12 57 

1 12 

13 1)<) 

11 12 

—2 57 

71 1 

70 5 

12 0 

0 

1,000 

IS 9 

25 3 

1 52 9 

1/ J/IS 

0 

10 to 

10 25 

1 12 

11 07 

11 47 

-0 20 

71 7 

70 8 

12 7 j 

" 1 

1,000 

18 7 

251 

53 0 

1/ 5/13 

0 

25 71 

17 OJ 

1 12 

18 15 

11 l(. 

—0 99 

710 

70 1 

12 0 

0 1 

1,000 

10 0 

25 1 

1 

52 5 

1/ 0/13 

0 

20 01 

12 'M 

1 12 

11 10 

11 17 

—2 39 

71 7 

70 2 

12 9 

0 I 

1,000 

19 2 

25 3 

52 0 

1/ 7/18 

0 

V) 01 

12 57 

1 12 

1 ! '>9 

11 11 

-2 5S 

71 ! 

70 7 

12 8 

0 

1,000 

19 () 

21 1 

50 9 

(/ 3/13 

0 

10 ‘>0 

1152 

2 7! 

1 1 25 

1150 i 

-2 75 1 

71 9 

70 1 j 

12.8 

714 j 

1,500 

2') 1 

.83 7 

510 

1/ '1/18 

0 

8 50 

11 22 

2 7'! 

1 ? 95 

U ■!') 

—2 5(> 

71 2 

70S 

12.2 

71 ^ 

1 

1,500 

29 7 

83 5 

50 5 

1/10/18 

0 

1100 

1011 

2 71 

12 87 

11 17 

-1 10 

717 

70 3 

12.0 

71 4 

1,1')') 

■2') (. 

■iS5 

501. 

1/11/13 

0 

8 05 

12 (,0 

271 

15 8! 

11 10 

-1S7 

71 0 ■ 

70 1 

12 7 

71 4 ' 

1,500 

80 1 

>') 2 

19 ? 

1/12/18 

0 

1 

0 10 

7 0'? 

2 7'! 

10 'lO 

11 t(> 

1 1 to 

71 0 

70 5 

12 1 

714 

1,199 

80 8 

39 8 

13 7 

1/13/lS 

1 « I 

Oil) 

low 

271 

1'? 1') 

11 11 

—2 08 

71 ! 

70 8 

12 2 ' 

71 4 

1,501 

800 

■>9 0 

50 0 

1/11/18 

0 

1 K) ! 

9 52 

190 1 

11 51 i 

11 80 

-015 

1 

710 

125 1 

121 

0 ’ 

1,501 ' 

30 8 

:N3 

19 5 

1/15/ 18 

0 

0 70 

12 10 

1 1 

1 1 

1 1 O'l 1 

11 80 

! -2 78 

710 

125 0 

12 0 

0 

1,50? 

801 

8'I0 

1')') 

l/ll)/13 

1) 

0 8! 

1 10 71 

1 O') 

12 7'! 

It 80 

i —1 87 

710 

126 4 

12 0 

0 

1,507 

80 7 

39 t 

19 1 

1/17/lS 

0 

oat 

* II .'<0 

1 00 

I'! .5 

n ‘.8 

— 1 ')7 

71 1 

125 2 

12 0 

0 

1,507 

81 2 

89 1. 

18 8 

1/13/lS 

0 

5 20 

11 S') 

19') 

1!'.S 

11 !8 

—2 00 

! 71 1 

120 1 

121) 

0 

1 

1,501 

80S 

'.') ') 

18 7 

1/ 10/18 

0 

783 

1 ! ')"• 

19') 

15')( 

11 !') 

-1 55 

71 ■* 

125 0 

121 

0 

1,501 

80 (. 

39 8 

19 2 

1/20/13 

0 

8 to 

IS ')5 

2 00 

10 (.1 

21 00 


150 0 

3') 2 

18 3 

0 

1,1'19 

811 

'!') (! 

18 7 

1/21/13 

0 

10 n 

1 1 (s'. 

2 (.(> 

17 81 

2102 

i«71 

100 1 

3') 8 

18 1 

0 

1,501 

810 

89(1 

18 1 

1/22/ KS 

0 

5 05 

11 <>7 

2(,(1 

1 1 08 

21 05 

19 12 

150 3 

391 

S 18 3 

1 

0 

l,l'!9 j 

812 

89(1 

ISO 

1/22/18 

0 

817 

12 58 

2 III) 

15 21 

2102 

13 78 

1501 

39 1 

18 1 

0 

1,501 

80 7 

'?9 9 

18 7 

1/21/18 

0 

O’tl 

11 2') 

2(,(1 

18 ')5 

2102 

(1007 

150 1 

39 1 

18 2 

1 0 

1,501 

.81 8 

89 7 

17 9 

4/25/18 

0 

5 07 

11 00 

21.0 

18 75 

2102 

(10 27 

1001 

39 5 

131 

0 

1,502 

801 

I'll) 

18 7 



























lABLE 2— CoNDiNsrD Data ikoji Cases or Diabetes Mellitus on Carbohydrate-Free Diets, Showing the Comparative Value 
or Protein, Fat and Alcohol as Nitrogen Spareus The Daily Food Was Constant During Each Piriod 
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TABLE 3— Summary of Table 2, Giving the Average Daily Nitrogen 
Balance in Grams During the Different Periods of Feeding 
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- 

—1 6 

—06 


It is evident from a study of these tables that fat and alcohol, 
when added to a low caloric protein-fat diet, have little or no influence 
in sparing nitrogen , protein, however, has a very positive influence in 
this regard These findings are not absolutely constant in all these 
observations Thus, Case 7 has a distinct retention of nitrogen during 
the high fat feeding and Case 5 (Table 2) exhibits the same phenome- 
non in the first of the three fat periods, but not m the two subsequent 
ones There was no exception to the rule that alcohol was'of no 
value as a nitrogen sparer, even when it was combined with protein, 
as in Cases 6 and 14, or with fat, as in Cases 5 and 14 With one 
exception, during a combined fat and protein period in Case 3, there 
was marked retention of nitrogen when a high protein diet was used, 
and even in the one instance cited there was a diminished loss of 
nitrogen, as compared to the control figures 

Lusk,^ quoting the work of Thomas and Rubner, shows how the 
body may maintain nitrogen equilibrium much more readily on a 
protein-fat diet than on one of protein alone, and how with increasing 
quantities of fat there is an increasing addition of protein to the body 
In the present experiments, the latter statement has proved itself to be 

2 Lusk, G The Elements of the Science of Nutrition, Ed 3, 1917. dd 254 
and 2SS ' 
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the exception rather than the rule The results have been so con- 
sistent in this regard that the conclusion seems justified that it may 
be considered to be of no very great value from the point of view of 
the addition of nitrogen to the body to increase the fat in a protein- 
fat diet 

Previous investigations, as summarized by Rosemann,® have yielded 
substantially the same results with alcohol on mixed diets as the 
present experiments do on protem-fat diets The addition of alcohol 
did not spare nitrogen if given for a period of six days It may be 
that if the observations had been continued, protein might have been 
saved to the body by utilization of alcohol, as was the case in Rose- 
mann’s observations The alcohol, even more constantly than the fat, 
fails to bring about an assimilation of nitrogen, and is not to be 
recommended for the dietary of the diabetic if it is desired to 
spare protein 

The markedly positive nitrogen balances on the “carbohydrate- 
free diets” with high protein appear to solve the problem of what type 
of food IS best suited to spare protein m the diabetic The effort 
produced in these cases may be greater than that seen in normal 
individuals, inasmuch as most of these patients were either starved or 
kept on low diets for a considerable length of time before the systematic 
observations were begun It has often been noted that it is exceedingly 
difficult to bring about “a prolonged deposition of protein in the normal 
adult, when fat is given with it In the diabetic, this apparently is 
not true for six-day periods, at least Two experiments were con- 
ducted in which the high protein feeding was kept up for a longer 
period in order to illuminate this point Case 10 (Table 2) was 
still retaining nitrogen at the rate of 6 7 gm per day at the end of 
thirty-three days. Case 11 (Table 2) gave evidence of marked assimi- 
lation for twelve days, followed by twelve days m which the nitrogen 
balance shaded off to terminate in a nitrogen loss in the subsequent 
period In summarizing these findings, it may be said that a positive 
nitrogen balance is readily achieved in diabetes on protem-fat diets 
with a high protein content, and that such an assimilation of nitrogen 
may persist for a considerable period before nitrogen equilibrium 
is reached 

It may be of interest to note in a few of these mild or moderately 
severe diabetics in whom the acid substances were determined in the 
urine (Table 2), that none of the food elements, when increased, 
whether protein, fat or alcohol, had any apparent effect on the amount 
of the acetone bodies excreted This is somewhat at variance with the 

3 Rosemann, R., in Oppenheimer’s Handbuch der Biochemie des Menschen 
und der Tiere, 4, Part 1, p 436 

4 Lusk, G Log cit , Footnote 2, p 255 
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well-known observations that especially the fats may be responsible for 
an increase of these substances and alcohol for their diminution It is 
probable that the very severe diabetic reacts differently m this regard 
and that, over short periods at least, a high fat diet may result m no 
increase in the acidosis of moderately severe diabetics 

CONCLUSIONS 

The addition of an equal number of calories of protein, fat oi 
alcohol to a low caloric carbohydrate-free diet in cases of diabetes 
melhtus results in the assimilation of considerable amounts of nitrogen 
when the protein is used, a favorable nitrogen balance in only occa- 
sional instances with fat, and no change m the nitrogen equilibnum 
when alcohol is given This would point to a high protein diet as the 
most advisable low-calory, carbohydrate-free diet by which to con- 
serve the body tissues and furnish a maintenance ration for the diabetic 
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CONTRIBUTIONS TO THE PHYSIOLOGY OF 

THE STOMACH 

XLIX HUNGER AND APPETITE IN PULMONARY TUBERCULOSIS 

JACOB MEYER, MS, MD 
Resident Physician, Cook County Hospital 

CHICAGO 

Recent studies by Carlson’^ and his co-workers emphasize the 
importance and the relative simplicity of an accurate study of hunger 
in normal and pathologic conditions Cannon and Carlson have shown 
that the sensations of hunger are due to regular periodic contractions 
of the stomach Deviations from the normal hunger sensations are 
associated with changes m the character of the hunger contractions 
and stomach tonus This has been demonstrated in man and animals 
in many conditions such as gastric ulcer, gastric carcinoma, diabetes 
and gastritis Meyer and Carlson- studied the condition of hunger 
and appetite in fever and found that the hunger contractions are 
absent in temporary fevers when the temperature reaches 103 F and 
over, and that the dogs will not eat when febrile 

USUAL SYMPTOMS 

Loss of appetite and absence of hunger are well recognized clinical 
manifestations of early and advanced pulmonary tuberculosis The 
close relationship between the temperature of the patient and the 
gastric disturbances in tuberculous patients is well known Thus, 
Klebs® asserts that a patient in advanced pulmonary tuberculosis who 
may have a good breakfast appetite will by midday and from that 
time on until the temperature falls again have no desire for food 
Stockton^ states that tuberculous patients with high temperatures have 
neither appetite or digestive ability He also states that gastric dilata- 
tion and atony are common m tuberculosis Conforming to this Klebs 
states that if the stomach is mapped out in advanced cases dilatation 

* Submitted for publication Aug 8, 1918 

"^From the Tuberculosis Hospital of Cook County Hospital 

1 Carlson, A J Control of Hunger in Health and Disease, University of 
Chicago Press, 191/ 

2 ^lei er, J , and Carlson, A J Contributions to the Physiology of the 
Stomach XLII — Hunger and Appetite m Fever, Am Jour Physiol , 1917, 
44, 222 

3 Klebs, A C Tuberculosis, New York, D Appleton & Co , 1909 

4 Stockton, C G Diseases of the Stomach, New York, D Appleton & Co , 
1914 
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of the stomach will be found in a large percentage of cases and in 
some early cases On the other hand, cases of tuberculosis with per- 
sistent temperature are readily relieved of this temperature elevation 
by correction of the gastric complaint 


THE PRESENT WORK 

The present study was conducted on six patients with early, mod- 
erately advanced, and far advanced pulmonary tuberculosis None of 
the patients showed signs of peritoneal or intestinal involvement or 
had any gastric complaint other than loss of appetite These precau- 
tions were taken because it is well known that lesions of the peri- 
toneum, intestine or stomach exert an inhibitory influence on gastric 
contractions 

The method pursued was briefly as follows The patients were 
carefully examined after a clinical diagnosis of pulmonary tuberculosis 
was made, this being confirmed by routine sputum analysis and 
roentgen-ray examination The temperature was recorded and the 
patient observed for a period of four to seven days before any work 
was commenced In general, the cases selected were those showing a 
temperature of from 100 to 101 F at some time during the day On 
the day before the kymograph tracing was taken the patient was given 
his supper at 4 p m and nothing thereafter The experiment was 
started at 8 a m the following morning, so that the starvation period 
was about sixteen hours In order to obtain a record coincident with 
the afternoon rise in temperature a number of experiments were begun 
at 11 a m Patients have no difficulty in swallowing the balloon after 
one or two attempts The great difficulty is to obtain from the patient 
an expression of his sensations with the hunger contractions The 
patients in the Cook County Hospital are foreigners for the most part, 
and it is not only difficult to explain to them what is desired but even 
more difficult to obtain an intelligent response to questions 


REPORT OF CASES 


Case I —Htstory —Anton A, Greek laborer, aged 23, complained of cough, 
pain in the chest, chilly sensations, fever and loss of appetite The details of 
the history are unimportant 


Eiamviatton — The physical findings were dulness over the left apex, fine 
rales and bronchovesicular breathing, flatness beginning at the level of the e'lghth 
dorsal vertebra, with diminished vocal and breath sounds Traube’s space was 
absent There were scattered rales in the right apex and a pleuritic friction rub 
on the right The sputum contained tubercle bacilli The roentgen-ray report 
by Dr Turley was “The left apex is blocked out, pleurisy with effusion, right 
costodiaphragmatic angle is also obliterated ’’ 

Tcmpcralnrc Record —Vrom the date of entrance, Feb 12, 1918, until the 
experiment on February 19, the average morning temperature 
■was 9oo F The afternoon temperature was 994 
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Ohsavaiion of Fehuaiy 19— A record of the stomach contraction was taken, 
preceded by a fast of sixteen hours The record was taken from 8am until 
12 m The temperature during this period was 99 F Contractions began about 
one-half hour after swallowing the balloon They were normal and regular 
The patient did not experience the contractions as such When asked whether 
he felt hunger he did not seem to understand He was told to squeeze the 
finger of the observer whenever he experienced discomfort or hunger pang 
He failed to do this, and the experiment was discontinued at noon He readily 
ate the dinner which was then offered him 

Second Obsei-vation—Thr-QC days later, with the patient’s temperature at 
99 F, another record was taken, beginning at 11 a m, allowing a starvation 
period of nineteen hours The latent period before the stomach assumed any 
tonus was approximately one hour Regular hunger contractions then appeared 
The patient was then asked whether he felt hungry, but could give no intelli- 
gible response In the midst of a period of hunger contractions food was 
placed before him, but he was not allowed to eat it Figure 1 shows the grad- 
ual inhibition of hunger contractions at the sight of food 



Fig 2 (Case 2) — Vigorous contractions in an advanced case of pulmonary 
tuberculosis with marked cachexia, emaciation and septic temperature Some 
of the contractions are incompletely recorded because they were so intense as 
to force the writing point out of the manometer 


Casf 2 — Htstoty — Anton K, Greek, aged 29, complained of having a cough 
for fifteen >ears In the past two months he began to feel much weaker and 
complained of loss of appetite, loss of weight and night sweats 

Examination — Physical findings were those of a cavity in the left upper lobe 
and complete involvement of the right lung Fluoroscopic examination disclosed 
the presence of the cavity with a generalized pulmonary tuberculosis The 
sputum contained numerous tubercle bacilli 

Tcmpctatiiic Recoid The temperature was characteristic of an advanced 
ulcerative tjpe with subnormal temperature in the morning, rising to 102 and 
103 F in the afternoon 

Obscivatwn of Febiuary 25— The usual period of fast was observed The 
temperature of the patient during the observation ranged from 99 S to 101 F 
Hunger contractions began almost immediately after swallowing the balloon 
Thej were vigorous, continued for an hour and were followed by a period of 
quiescence The next period W'as characterized b) more vigorous contractions 
than previously With each contraction (Fig 2) the patient became extremely 
restless cried and pointed to his abdomen When asked whether he was hungry 
or felt hunger, he cried and pointed to his epigastrium as if he were in pain 
Ihe patient died on March 4 
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Cases 3 and 4 — History — These patients presented the same clinical picture 
as Case 2/ and therefore the details of their findings are not here reported 
The temperature records of these three patients were essentially alike, and death 
occurred in all three cases 


< 

1 



Fig 3 (Case 3) — ^Vigorous contractions of another case of aF anced pul- 
monary tuberculosis At i the orderly ate his own meal in the presence of the 
patient Compare also the effect in Figure 1 

Obseivaiion of ]\Iaich 11 — The temperature v as 101 F Contractions com- 
menced immediately and were regular, penodic and extremely vigorous, lasting 
four hours The patient could not say that he was hungry At 1 30 p m the 
orderly of the ward brought his own meal into the room and ate it with the 
patient looking on The hunger contractions almost immediately stopped 
(Fig 3) Stomach tonus reappeared in fifteen minutes, followed again by 
vigorous contractions At 2 p m a visiting physician entered the room, and 
again there was an immediate cessation of contractions 



Fig 4 (Case 4) — Entire absence of contractions in another ad\ anced case 
Temperature 102 F 


Case 4 — Observations of Fcbruaiy 26 — Temperature was 102 F The usual 
period of fast was observed After inflating the balloon in the stomach a few 
initial contractions occurred These gradually disappeared, and for a period of 
one and three-quarter hours there were no contractions, nor any evidence of 
stomach tonus (Fig 4) The patient vomited the balloon at the end of two 
hours, which necessitated repetition of inflation, and again contractions w’ere 
present for a short time, follow'ed by complete cessation The temperature at 
the end of the period w'as 101 6 When asked if he desired food, he said he did 
not care Food was placed before him, and he ate only a part of it 

Observation of Fcbruaiy 27 — ^This revealed intense contractions so vigorous 
that the wnting point was forced out of the manometer 
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Case 5 — Htstory — The patient, Harry W, presented a case of moderately 
advanced tuberculosis He complained of cough, expectoration and shortness 
of breath He volunteered that he would begin a meal thinking that he was 
hungry, eat a small part of it and leave it 

Exan inatwn — The physical findings were those of dulness over the apex, 
bronchovesicular breathing and fine, scattered, crepitant rales bilaterally The 
sputum was positive, and the roentgen ray revealed a generalized mottling with 
failure of the apices to light up 

Tempeiaiwe Recoid — This ranged from 97 to 101 and from 99 to 102 F 
Ohsci-vation of Febuiaiy 21 — This began at 8 a m after a starvation period 
of sixteen hours The stomach tonus was low, and the patient was very nervous 
The temperature was 100 F 

Obscivation of Mmch 1 after a starvation period of nineteen hours with 
temperature ranging from 99 to 101 during the tracing At first there was a 
series of normal hunger contractions, followed by vigorous contractions felt as 
such and referred to the stomach As the orderly ate his own dinner in full view 
of the patient, the contractions were only somewhat diminished to recur with 
still greater vigor (Fig 5) 



Fig 5 (Case 5) — Normal contractions in a moderately advanced case with 
low-grade chronic temperature from 99 to 100 


Case 6 — History — The patient, Edward M , had a case of moderately 
advanced tuberculosis 

Observation — This was taken with the temperature about 101 F The con- 
tractions were only of moderate intensity, but nevertheless the patient stated 
that he felt something and said that he was hungry At one point with no con- 
tractions he said he had an appetite and asked for whisky This was promised, 
but not given Stomach tonus continued, and one half hour later contractions 
appeared 

DISCUSSION OF RESULTS 

The outstanding fact in all these observations is that contractions 
and stomach tonus are present Case 1 presents an almost typical 
normal hunger contraction record It is surprising to find in Cases 2 , 
3 and 4 such vigorous gastric contractions in view of the extreme 
cachexia, emaciation and advanced stage of the tuberculous process 
Judging from the old clinical view, instead of an active stomach we 
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should expect dilatation and atony in advanced tuberculosis The 
present observation in these patients of increased tonus and contrac- 
tions accords with the observation of Luckhardt,® who noted 
increased hunger contractions in cases of cachexia associated with 
diabetic mellitus in man and in the cachexia of mangy dogs The 
temperature of 101 F apparently does not affect the hunger mechan- 
ism In Case 4, however, with the temperature at 102 there is com- 
plete atony of the stomach and entire absence of the hunger contrac- 
tions This is also m accord with previous observations in animals 
Cases 5 and 6 again point to the fact that patients with a low type of 
temperature persisting over a long period of time and with evident 
signs of intoxication present normal hunger contractions and stom- 
ach tonus 

COMMENT 

The association in these cases of hunger contractions with absence 
of hunger sensations suggests the possibility that these contractions 
are probably not registered in consciousness as such Again, in these 
cases the personal factor must be considered Hunger contractions 
are present in some individuals, but instead of being recognized by the 
patient as such they are described as restlessness, headache and other 
symptoms Again Carlson has recently shown that in long continued 
fasts hunger contractions are present, but are not recognized as such 
This may be the case in chronic fevers, m which cases the hunger con- 
tractions are present 

5 Luckhardt, S Contributions to the Physiology of the Stomach — XI — ^The 
Cause of Polyphagia in Pancreatic Diabetes, Am Jour Physiol , 1914, 33, p 313 
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THE ELECTROCARDIOGRAM IN THYROID DISEASE^ 

PAUL D WHITE, MD, and JOSEPH C AUB, MD 
Lieutenants, M C , U S Army 

BOSTON 

The eftect of thyroid disease on the heart, and especially on the 
electrocardiogram, has been followed in the present investigation 
chiefly from two points of view In twenty-three cases we have com- 
pared the severity of the disease, as shown by the variation of the 
total metabolism from the normal, with the amplitude of the T-wave 
in the electrocardiogram In the second place, in forty-seven cases 
of hyperth)''roidism we have determined the frequency and type of 
arrhythmia Also heart rates, blood pressures and electrocardiographic 
evidence of left ventricular preponderance and of general muscular 
tiemor have been of interest The basal metabolism was determined 
by means of the Benedict Unit apparatus ^ The electrocardiograms 
were taken with the Cambridge Model of the Einthoven string gal- 
vanometer and carefully standardized 

It has been said that the T-wave is high in hyperthyroidism and 
low, absent, or even inverted in hypothyroidism In our series of cases 
there has been little if any parallelism between the basal metabolism 
and the amplitude of the T-wave in comparing different cases, but in 
individual cases, especially those with hypothyroidism with variations 
in the basal metabolism, there may occur corresponding changes in 
the height of the T-wave (see the accompanying table) In hypothy- 
loidism the T-wave is low and increases under treatment In hyper- 
thyroidism it is also often low and its height does not parallel 
necessarily changes in the height of the metabolism , it sometimes runs 
conversely to it In two of the patients suffering from auricular 
fibrillation while under treatment with digitalis, this drug had much 
more effect on the T-wave (flattening it) than had any differences 
of basal metabolism which these same patients showed 

Three of our forty-seven cases had paroxysms of auricular fibrilla- 
tion, three had apparently permanent auricular fibrillation, one had 
paroxysms of auricular flutter with the normal rhythm interrupted by 
auricular premature contractions, while a number of others showed 
premature contractions 

* Submitted for publication June 22 , 1918 

*From the Medical Clinic of the Massachusetts General Hospital 
1 Means, J H , and Aub, J C Jour Am Med Assn , 1917, 69, 33 
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Table Showng Variations in T-Waae 




Total Metabolism 

Electrocardiogr ams 




Percentage 


1 

Pulse 

Case 

Sex 


Variation 


TC10-* 



Date 

from the 
Normal 

Date 

Volts) 

Rate 







Aniuncu 







: larrate 

C A 

$ 

U/lS/16 

-41 

11/13/16 


A=a20 

(Case of complete heart- 


U/lS/16 

-t-40 

11/18/16 

-1 1 

A==100 

bloch Pirst seen rrhile 


U/ 20 /ir) 

-f2S 

11/20/16 

—lU 

A=i00 

takmg large doses of 


12/ 1/16 

S 

j 12/ 4/16 i 

— IM. 

A= 75 

thvroid gland This 


12/17/16 

-J-14 

12/23/16 ! 

-r2 

A= 78 

drug was stopped 
U/16/16) 


1/2S/17 

-i- S 

1/31/17 

-t-0 

A= 95 

M T P 

o 

11/ 7/16 

-f5S 

11/ 8/16 


106 



2/2S/17 

-1-53 

2/28/17 


140 



4/1S/17 

-f46 

4/18/17 i 

+iv: i 

120 

M M 

o 

! 2/12/17 

-1-74 

2/7A7 ! 

-1- 14 

110 



! S/27/17 

-1-79 

4/9/17 

+2 ! 

103 



i 

Partial 

thvroidectomy 4/1G/17 




4/29/17 

-M5 

5/ 2/17 

-rSU; ; 

76 

K L 

$ 

1 2/ S/17 

i -1-26 

2/ 7/17 


110 



4/2S/17 

i -f2S 

4/2S/17 

1 

-r2 

110 

V D 

$ 

2/15/17 

1 -1-2S 

2/12/17 i 

-14 

120 


1 

[ 4/ 5/17 

I +27 

4/ 5/17 

-3 

IIS 

A B 

0 

IT 

1 2/1S/17 

1 -r37 

2/8/17 

t-3 

1 lo5 



Thvroidectomv right lobe and ^ left lobe 2/14^17 



3/28/17 

4 

S/2S/17 

1 •'-ly. 

no 

M H 

O 

2/17/17 

-47 

2/19/17 

+1^ 

90 



S/ 7/17 

+27 

3/ S/17 

*rS i 

100 

B 31 T 

$ 

S/12/17 

+S9 

S/lS/17 

+5 

150 



4/29/17 

-47 

4/16/17 

-14 

124 

M T 

9 

S/13/17 

+04 

8/1S/17 

-IS 

ISO 



Thvroidectomy right lobe and istlimus J 

3/27/17 



4/ 1/17 I 

-1-S5 

4/2/17 ; 

+2ti 1 

193 

E 3il 

o 

11/10/16 

-1-S4 

11A6/16 

® i 

120 


1 

4/9/17 1 

-1- 1 

4/ 9/17 

1 

103 

E S 

O 1 

10/ 7A5 1 
S/2S/17 1 

+73 

10/ 5/15 

1 -4 ! 

100 



+S7 

S/2S/17 

j -^4M. I 

120 

c 3kr 

o 

S/29/17 

-1-S4 

3/26/17 

1 

1 *^3 

ISO 



4/ 0/17 

-1-67 

' 4/ 9/17 

1 *rl^ 

! 107 

J B 

o 

2A7/17 

+37 

2/19/17 

' -s 

i 

1 75 

T VT 

o 

4/17/15 

+49 

4/10/15 

' -r2 

j 85 

A L 

0 

5/ 2/17 

1 -^6S 

5/ 2/17 

{ 

! 

1 110 

C J 

cf 

4/ S,T7 

I 

4/ 3/17 

1 -S 

1 110 

P B K 

o 

1 4/10/17 

1 

4/11/17 

! -12 

1 “ 

I 124 

E H 

o 

i 6/ 5/17 

1 -1-44 

6/ 5/17 

i -^3 

i 

1 SO 

T D 

d 

i S/12/17 

, +20 

S/ 9/17 

-ii^ 

( 1S5 

C 3d 

o 

12/20 TC 

‘ -74 

12/20AG 

' 0 

100 

(Parowsmal auric til nr 


J 

t 

1 

1 (aurcul ir 

fibrillation) 




i 1/10/17 


fibnU'>t!on) 



1/ 9/17 

1 — S4 

r 4 

, lOS 




(digitalis 

(norm tl 




1 

1 

1 effect) 

rhvthm) 



2/1/17 

' -5S 

1 2/ 7/17 
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1 

' 1 


1 
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rhvt hm) 


! 

I 4; 24/17 1 

1 1 

4/24 '17 

1 _S 

! 

ISO 
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Table Showing Variations in T-Wave — (Continued) 


Case 


E T B 
(Paroxysmal 
flbrillatioH) 


auncular 


Sex 


E R 


H E 

(Under treatment for 
cretinism) 


Total Metabolism 


Date 

Percentage 
Variation 
from tbe 
Normal 

Date 

2/ 3/17 


2/ 5/17 

2/16/17 

+61 

2/13/17 

2/25/17 

+69 

2/23/17 


Electrocardiograms 


T(10-^ 

Volts) 


—2 


—2 


—6 

(digitalis 

effect) 


Pulse 

Bate 


115 

(normal 

rhythm) 

145 

(auricular 

flbnllation) 

lOS 

(auricular 

fibrillation) 


(Thyroidectomy, right lobe and isthmus, 3/5/17) 


3/14/17 

4/ 7/17 

11/14/14 

U/23/14 

(After 

2/14/17 
3/ 7/17 
3/16/17 
4/24/17 


+34 


+67 


3/13/17 


4/ 7/17 


—25 1 11/12/14 I 0 

—IB I 11/23/14 ( 1% 

'24 grains of thyroid gland extract in 8 days) 


-4% 


—1 


90 
(normal 
rhythm) 
126 

(normal 

rhythm) 

82 

87 


—17 
+ 5 
+ 1 
+20 


2/14/17 
3/ 7/17 
3/14/17 
4/24/17 


- 2 % 

0 

+1 

+2 


08 

105 

112 

120 


The degree of tachycardia paralleled the basal metabolism percent- 
age but moderately In one unusual case of complete heart block (C A 
in the table) the ventricular rate showed but a few beats change 
between the time of hyperthyroidism and the time of normal basal 
metabolism In this case, however, as reported in a previous paper, ^ 
the auricular rate as shown electrocardiographically varied with the 
basal metabolism, 120 per minute at +42 5 per cent and 75 per 
minute at + 3 per cent 

Left ventricular preponderance was found by the electrocardiogram 
in only three of twenty-seven of hyperthyioidism The index of pre- 
ponderance in these cases ivas from + 26 to + 30 The normal 
borderline of this index is from + 20 to + 30 as described in a pre- 
vious paper ® Variable hypertension was frequently present with 
figures of 150 to 200 mm mercury systolic and 90 to 110 mm 
diastolic In one case the pressure dropped within a few weeks from 
210 mm to 130 mm systolic and from 100 mm to 75 mm diastolic, 
while the basal metabolism decreased from + 47 per cent to + 27 
per cent , in this case the T-wave rose in amplitude from 0 15 to 0 28 
millnolt General muscular tremors shown electrocardiographically 
are common in hyperthyroidism 

2 Aub, J C , and Stern, N S The Archives Int Med , 1918, 21 , 130 

3 White, P D , and Bock, Am Jour Med Sc , 1918, 156, 17 
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SUM :M ARY 

V ery limited parallelism has been foimd bet^^ een the basal metabol- 
ism and the amplitude of the electrocardiographic T-wave in a senes 
of twenty-seven cases of thyroid disease 

Auricular fibrillation, mcluding the parox 3 'smal tj’pe, is not uncom- 
mon in hyperthyroidism as shown m our senes by six out of forty- 
seven cases of hyperthyroidism (13 per cent ) Paroxysmal auricular 
flutter has been seen m one of our cases 

Tachycardia, frequent h 3 'pertension and frequent tremor while at 
rest occurred in the cases of hyperthyroidism although not always 
parallel to the total metabolism 
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RENAL FUNCTION AS MEASURED BY THE ELIMINA- 
TION OF FLUIDS, SALT AND NITROGEN, 

AND THE SPECIFIC GRAVITY 
OF THE URINE 

II THE EFFECT OF HIGH, LOW AND NORMAL DIETS ^ 
HERMAN O MOSENTHAL, MD (New York) 

BASF HOSPITAL, CAMP GORDON, ATLANTA, GA 

Since Hedmger and SchlayeN introduced the method of testing 
renal function by measuring the volume and the specific gravity and 
estimating the sodium chlorid output in two-hourly specimens of urine 
throughout the day and in a single specimen during the night, it has 
received general acceptance in this country In conducting the test, 
much stress was laid on the fact that the diet necessaiy to produce 
satisfactory results must contain a considerable quantity of the diuretic 
substances ordinarily found in the food, such as fluids, salts and purins 
Two forms of diets have been used fairly extensively, the one con- 
sisting of three meals,^ the other of five ^ The results obtained in both 
appear to be very similar In order to obtain a clear understanding of 
this method of testing renal function, it was necessary to formulate 
precisely what the normal reaction was This was attempted ^ Since 
that report was made, a large number of normal tests have been carried 
out, and in the light of these it becomes apparent that the formei 
standards are wrong in some respects and should be corrected The 
question as to what diet should be used in carrying out this test is a 
far-reaching one If the diet need not be limited m any way, there is 
a wider field of usefulness for the test, especially in general practice 
In the present paper, the attempt will be made to define as closely as 
possible the normal results of this method of analyzing the urine on 
various diets and to note the value of widely divergent diets in cases 
with unpaired renal function 

FORMS OF DIETS 

The diets employed were three a high protein diet, a low protein 
diet, and a normal diet The high piotem diet was the one originally 
advocated for the peiformance of the test^ It contains about the 
amount of protein that a normal individual with a good appetite will 
consume The designation “high protein diet” may, therefore, be a 
misnomer How ever, it is so designated to indicate the contrast with 

*' Submitted for publication May 23, 1918 

*From the Medical Clinic of The Johns Hopkins Hospital 

1 Hedmger and Schlayer Deutsch Arch f klin Med , 1914, 114, 120 

2 Mosenthal, H O The Archwes Int Med, 1915, 16, 733 

3 O’Hare, J P The Archives Int Med, 1916, 17, 711 

4 Mosenthal, H O , and Lewis, D S Jour Am Med Assn , 1916, 67, 933 
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the other diets This diet contains approximately 1,760 c c of fluid, 
8 5 gm of salt and 13 4 gm of nitrogen, and considerable quantities 
of purin substances in the soup, meat, tea and coffee The /ow protein 
diet was that m use at this hospital'^ It was found that when no 
restrictions were placed on the persons taking this diet, protein equiva- 
lent to from 3 to 4 gm of nitrogen w^as usually consumed in the 
tw^enty-four hours This w^as deemed sufficiently low^ for the purposes 
of the present observations The diet contained no tea or coffee or 
purins in any form Some alcohol w^as allow^ed as sherry This w^as 
given in less than one-half of the cases studied The remainder of the 
food consisted largely of starches, w^hiCh have a marked effect in pre- 
serving the body protein and thereby limiting the amount of waste 
products to be excreted in the urine The normal diet consisted of 
the food which the subject chose The aim was to determine whether 
it was possible to allow a person to continue his normal dietary habits 
w^hile the test w'as carried out In the remainder of this article these 
diets w'lll be spoken of respectively as the high, the low, or the normal 
diet 

The only other restrictions placed on the persons tested w'ere that 
no food or fluid should be taken betw een meals, and that the collection 
of the night specimens should begin three hours after supper The 
specimens were usually collected at tw’o-hourly intervals from Sam 
to 8 p m If supper were taken after 5pm, the collection of the 
night specimen was begun at a correspondingly later time It may be 
that it IS not necessary to limit the frequency with which fluid and 
food are taken, however, it did not seem advisable to attempt too 
much at one time, and it was deemed best not to extend the variations 
too much so that clear-cut results might be obtained 

The specific gravity of the urine was measured at room temper- 
ature by reliable floats, the nitrogen was determined by the Kjeldahl 
process and the sodium chlond by the method of Volhardt The 
normal persons tested were men and women of the teaching staff and 
student body 

THE NORMAL STAND \RD 

The normal standard as advocated previously was as follows A 
maximum specific gravity of 1 018 or higher, a v’ariation of 9 degrees 
or more betw een the minimum and maximum specific grav ity readings, 
and,a night urine of 400 c c or less, wuth a specific gravity of 1 018 or 
over and a concentration of nitrogen of at least 1 per cent (Table 1) 

* Breakfast' Sherrv (30 cc), baked apple, stewed prunes, orange, horninj. 
cornstarch (T^ homtnv ’/> cornstarch) cereal cream (15 cc) sugar, butter 
Dinncj Sherrj (30 cc) potato, baked or mashed, stnng-beans cabbage, 
carrots, lettuse, onions, tomatoes, cucumber picllcs fruit cornstarch puddms? 
fruit tapioca pudding, sugar, butter 
Supper As dinner 
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At the time these criteria were formulated, it was not realized how 
profoundly the activity of the kidney may be affected by many influ- 
ences Nervous tension, very hot or cold weather, and what may be 
termed the “renal habits” of any person, all have appeared to play a 
distinct role in causing differences to appear that were not at first 
appreciated Lyle and Sharlit" have called attention to the fact that 
the night urines in normal persons may exceed 400 c c by a consider- 
able margin and that the variations in the specific gravity may be less 
than 9 and that there are instances in which the concentration of nitro- 
gen in the night urine is less than 1 per cent The results of Lyle and 
Sharht in regard to the fixation of the specific gravity are probably 
somewhat exaggerated as they obtained them when the subjects were 
kept for several days on a diet constant m fluids as well as solids This 
introduces a new factor for which due allowance must be made The 
same phenomenon may be noted in the observations to be recorded in 
this communication, but not to the same degree The presence of larger 
amounts than 400 cc in the night urine and a concentration of 
nitrogen of less than 1 per cent in the night urine has been a rather 
common finding in the present series of normals 

TABLE 1 — Results of a Test Meal for Renal Function in a Normal 
Person This Table Shows at What Intervals the Urine Was Col- 
lected It Meets All the Requirements which Were Formerly Regarded 
AS Characteristic of a Normal Test 


Tune of Day 

C 0 

Specific 

Gravity 

Sodium Ohlorld 

Nitrogen 

Per Cent 

Grams 

Per Cent 

Grams 

810 

315 

1006 





10 12 

128 

1014 





12 2 

120 

1017 





2 4 

122 

1020 





4 6 

76 

1022 





6 8 

100 

1027 

i 




Total, Day 

861 


078 

671 

0 79 

680 

Night, 

248 

1025 

069 

171 

123 

3 05 

Total, 24 Hours 

1,109 

1 


8 42 


985 

XntaLe 

1,760 



850 


13 40 

Balance 

+651 



+0 08 


+3 55 


Table 1 may serve to recall what determinations are carried out 
and how a test meal for renal function is recorded In the interpreta- 
tion of this procedure as a means of measuring renal activity, certain 
points, the maximum specific gravity, the variation in specific gravity, 
the quantity of the night urine and its specific gravity and concentra- 

5 Lyle, W G ,and Sharlit, H The Archives Int Med, 1918, 21 , 366 
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tion of nitrogen have been emphasized There are probably other 
features that deserve to be considered in this connection, however, 
thus far there are no observations that have laid any stress on them 
In Tables 2, 3, 4 and 5, in order to save space, only a summary of what 

TABLE 2 — Summary of Results of the Collection of Urinary Specimens 
AT Two-Hourly Intervals During the Day and for a Twelve-Hour 
Period at Night in Normal Persons while on the “High” Diet 


Date 

Day 

Of 

Diet 

Specific Gravity* 

Night Urine 

Highest 

Lowest 

Degrees 

Vanation 

Night 

Urine 

Nitrogen, 
Per Cent 

Volume, 

0 0 

6/27/17 

1 

34 

SO 

1 4 

i 

1 34 

1 

2 70 

160 

6/11/15 

1 

33 

l 24 

9 

29 

185 

213 

6/ 9/17 

2 

33 

05 

28 

31 

163 

175 

6/19/17 

1 

30 

05 

25 

25 

119 

294 

6/27/17 


29 

13 

16 

29 

j 

• 

11/21/17 

1 

29 

07 

1 

22 

23 


258 

6/19/17 

2 

28 

07 

21 

14 

0 61 

326 

5/18/17 

1 

28 

03 

25 

21 

1 25 

170 

2/10/14 

3 

28 

03 

20 

23 i 

180 

874 

11/22/17 

2 

27 

08 

19 

15 i 


425 

5/18/17 

1 

27 

03 

24 

26 

148 

169 

6/10/15 

1 

27 

06 

21 

25 

123 

248 

11/22/17 

2 

27 

08 

19 

18 


456 

11/22/17 

2 

27 

09 

18 

19 

128 

834 

6/19/17 

1 

25 

15 

10 

15 

0 87 

506 

2/14/16 

2 

26 

07 

18 

25 

163 

240 

1/17/16 1 

1 

24 

09 

15 

23 

1 43 

350 

6/18/17 ' 

1 

22 

05 

17 

03 

0 56 

417 

6/19/17 

2 

22 

06 

16 

09 

0 54 

639 

1/17/16 

1 

21 

03 

IS 

21 

119 

350 

2/14/16 ! 

1 

1 

21 

07 

14 

19 

0 93 

400 

12/11/14 

3 

20 

10 

10 

20 

123 

375 

12/12/14 

1 

20 

07 

13 

18 

0 76 

663 

2/10/17 

3 

20 

09 1 

11 1 

13 

0 74 

015 

6/ 3/15 

1 

19 

07 

12 

19 

114 

355 

4/16/15 

1 

19 

07 

12 

17 i 

120 

352 

11/21/17 

1 

1 

19 

07 

12 

1 

19 

1 

1 

280 

4/ 6/15 

1 

19 

09 

10 

19 

112 

330 

2/10/17 

1 

19 

06 

13 

13 

002 

721 

12/ 5/14 

2 

18 

08 

10 

18 

lOS 

402 

6/ 3/15 

1 

18 

03 

10 

18 

103 

390 

11/ 2/17 

1 

14 

03 

6 

13 


660 


Last two figures only 
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may be considered the salient features of test meals for renal function, 
as carried out in normal subjects, while on high, low or normal diets, 
IS given 

TABLE 3 — Summary of the Results or the Collection of Urinary Speci- 
mens AT Two-Hourly Intervals During the Day and for a Twelve- 
Hour Period at Night in Normal Plrsons while on the "Low” Diet 


Date 

Dij 

of 

Diet 

Specific Gravity* 

Night Unne 

1 

Highest 

Lowest 

Degrees 

Vaiiatlon 

Night 

Drme 

Nitrogen, 
Her Cent 

Volume, 

C C 

1 

11/23/17 

1 

30 

12 

24 

12 

0 47 

505 

0/28/17 

1 

34 

! 13 

21 

20 

1 44 

260 

11/23/17 

2 

30 

13 

17 

13 


525 

11/23/17 

1 

30 

07 

23 

18 


104 

() '10/17 

0 

oO 

' 07 

j 

23 

12 

0 45 

475 

I/.O/IG 

3 

29 

1 06 

1 

23 

29 

1 14 1 

215 

0/29/17 

2 

29 

, 07 

24 

19 

1 20 

197 

11 '21/17 

2 

28 

! 12 

10 

12 


408 

2/17/10 

1 

28 

' 16 

12 

27 

0<0 

210 

0/10/17 

2 

28 

05 

23 

11 

0 02 

SOI 

1/20/10 

S 

27 

12 

15 

27 

1 57 

178 

2/15/10 

1 

27 

10 

17 

25 

1 41 

207 

11/28/17 

1 

20 

00 

20 

20 


174 

II/2I/17 

2 

20 

09 

17 

13 


354 

1/lS/lO 

1 

CO 

06 

20 

26 

1 24 

105 

0/29/17 

1 2 

1 25 

03 j 

22 

25 

1 41 

188 

1/19/lG 

2 

25 

i 00 j 

19 

25 

1 29 

210 

0/28/17 

1 

25 

05 

20 , 

20 

0 95 

340 

2/ 7/17 

3 

25 

06 

19 

15 

0 74 

429 

0/21/17 

2 

25 

05 

20 

13 

0 84 

315 

2/ 7/17 

1 

25 

10 

15 

25 

i 1 30 

210 

2/10/16 

2 

24 

09 

15 

24 

083 

240 

0 20/17 

1 

24 

11 

13 

19 

1 38 

107 

5/1C/I7 

1 

24 

02 

22 

15 

0 87 

280 

2/17/10 

3 

23 

14 

9 

23 

OGG 

00 

2/ 7/17 

3 

23 

07 

16 

13 

0 23 

523 

1/19/10 

2 

23 

07 

10 

23 


230 

1/lS/lG 

1 

22 

06 

10 

22 

1 23 

2'’0 

5/10/17 

1 

22 

03 

19 

11 

0 52 

489 

5/17/17 


21 

03 

18 

09 

0 31 

037 

2/10/10 

0 

21 

00 

15 

21 

0 74 

300 

2/17/10 

3 

21 

12 

9 

20 

0 69 

25 1 

7/10/17 j 

1 

20 

03 

17 

09 

0 46 

512 


* I a=t two figures only 
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table 4 — Summary or Results of the Collection or Urinary Specimens 
AT Two-Hourly Intervals During the Day, and for a Twelve-Hour 
Period at Night in Normal Persons while on Their Customary 
“Normal” Diets 


Date 

Specific Gravity* 

Night Urine 

Highest 

Lowest 

Degrees 

Variation 

Night 

Urine 

Nitrogen, 
Per Cent 

Volume, 

0 0 

6/18/17 

37 

20 

17 

26 

173 

331 

11/20/17 

30 

16 

20 

16 


COO 

7/ 9/16 

33 

23 

8 

31 


lOO 

10/23/16 

33 

15 

18 

15 


508 

10/24/16 

32 

18 

14 

25 


370 

7/ 8/16 

31 

23 

8 

31 


210 

6/11/16 

31 

14 

17 

30 

2 05 

340 

10/18/16 

31 

20 

11 

31 


94 

6/26/17 

31 

16 

15 

27 

184 

221 

6/26/17 

30 

25 

5 

30 


275 

5/15/17 

SO 

09 

21 

22 

1 40 

369 

5/ 9/16 

30 

19 

11 

20 

131 

350 

10/29/14 

30 

20 

4 

27 

2 07 

290 

8/18/16 

SO 

21 

9 

30 

i 2 26 

240 

3/23/16 

30 

10 

20 

80 

1 63 

250 

7/11/10 

30 

09 

21 

1 29 1 

' i 


185 

7/21/16 

30 

18 

12 

! 25 1 


1 186 

10/23/16 

30 

26 1 

4 

26 


2C0 

10/18/16 

30 

13 

17 

16 

1 


730 

5/15/16 

30 1 

12 

18 

12 

0 85 

440 

10/23/16 

30 

24 

6 

24 


500 

11/20/17 

30 

07 

23 

28 

1 32 

266 

6/21/17 

29 

18 

11 

24 


373 

7/20/16 

29 

19 

10 

25 


195 

7/10/16 

29 

22 

7 

24 


235 

11/20/16 

29 

14 

15 

20 


645 

10/25/16 

29 

19 

10 

22 


422 

7/12/16 

28 

22 

6 

28 


198 

10/20/16 

28 

21 

7 

28 


270 

10/25/16 

28 

20 

8 

28 


268 

10/19/16 

28 

10 

18 

28 


300 

10/19/16 

28 

12 

16 

28 


226 

11/19/17 

28 

OS 

20 

17 


398 

7/17 '16 

27 

20 

7 

27 


222 

6/10/16 

27 

16 

11 

27 

1 01 

330 
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TABLE 4 — (Conhnned) 


Dnte 

Specific Gravity* 

Night Urine 

Highest 

Lowest 

Degrees 

Variation 

Night 

Urine 

Nitrogen, 
Per Cent 

Volume, 

00 

7/10/16 

20 

12 

14 

23 


105' 

7/10/16 

26 

13 

13 

26 


210 

11/10/10 

26 

10 

16 

26 


395 

0/10/16 

26 

14 

12 

21 


330 

10/18/16 

26 

13 

13 

20 


330 

10/26/10 

20 

10 

16 

21 


805 

11/19/16 

26 

12 

14 

21 


260 

biuin 

25 

12 

13 

16 

0 87 

457 

6/20117 

25 

17 

8 

19 


430 

7/22/10 

25 

10 

15 

25 


170 

7/ 9/10 

25 

04 

21 

17 


265 

6/ 9/10 

25 

13 

12 

17 

lOS 

735 

10/10/16 

25 

09 

16 

16 

! 

536 

10/25/16 

25 

18 

7 

22 


625 

10/18/10 

25 

16 

10 

19 


812 

10/18/16 

25 

08 

17 

21 


376 

10/24/16 

25 

13 1 

12 

24 


630 

10/20/16 

25 

19 

6 

25 


610 

10/30/17 

25 

05 

20 

18 

143 

361 

10/19/16 

24 

22 

2 

22 


506 

5/15117 

23 

03 

20 

14 

085 

443 

3/23/17 

23 

07 

16 

22 

1 46 

475 

7/15/10 

23 

03 

20 

15 


180 

10/19/10 

23 

09 

14 

16 


395 


* Last two figures only 
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TABLE 5 — SujiiiAPV of Saliext Fa.cts ox the Upixary Specimexs Col- 
lected Durixg Periods of “High,” “Lov.” axd “XopM'Vl” Diets ix X'driial 
Persoxs 



Xumber of Observations 


“High” 

; “Low” 

‘ “Xormal” 


Diet 

1 D.et 

Diet 

Zlaximal BpedSc gTzvtty 




SO or higher 

4 

5 

22 

29 to 25 . . . j 

1 12 

1C 

82 

24 to 20 ' 

' 8 

i ^ 

5 

19 or 18 • . 

7 

! 0 

0 

Less than 18 

1 j 

0 

0 

Total number of oheervatlons 

' 22 

CO 

1 2^ 

Degrees of variation of specific gravity ; 

1 



13 or over 

20 

25 

1 

12 to 9 

10 

7 

1 12 

8 to 5 

1 

0 ! 

1 ^ 

4 or less 

1 

1 

0 ' 

3 


Total number of observations 



22 1 

cc 1 

' :)9 

1 

Specific gravity of night unne 


\ 1 

1 

i 

i 

1 

1 

21 or over 


i 

13 

13 

1 « 

so to 18 


i 

1 

1 

10 

7 

' « 

17 to 15 


< 

# 1 

3 

2 

j 10 

14 to 10 


j 

4 

9 

1 2 

Less than 10 


t 

2 

2 

0 

Total number of observations 


\ 

32 i 

1 83 

59 

Volume e c of night urine 

409 or less 


\ 

1 

1 21 

[ 

1 ^ 

42 

401 to 500 


j 

1 

4 

4 

1 

7 

DOltoOOO 



3 * 

B 

6 

501 to 700 


1 

• 2 

1 

2 

701 to 750 


i 

1 

i 1 

0 

2 

Total number of observations 



' 31 

1 

1 S3 1 

! ^ 

Kitrogen per cent in night urine 


j 

i 

1 


1% or higher 



18 

1 11 i 

13 

0 997oto 08O7O 



2 

1 5 i 

3 

0 79% or les® 


1 

1 

1 c 

i I 

0 

Total number of ob'ervations 


1 

[ 25 

1 27 

15 
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In Tables 2, 3 and 4 the results of the tests for renal function are 
given for the high, low and normal diets They are arranged in order 
from those with the highest maximum specific gravity to those with 
the lowest The dates on which the tests were made are included 
because thej indicate that all seasonal variations, especially as far as 
temperature is concerned, are taken into consideration The number 
of days on which an individual was on a given diet are recorded, as 
this may naturally have some bearing on the result 

THE MAXIMAL SPECIFIC GRAVITY^ IN NORMAL TESTS 

The last test noted m Table 2 on the high diet is remarkable It is 
the only example in the tests (including those of Tables 3 and 4 on 
the low and normal diets) in which the maximum specific gravity was 
lower than 1 018 This may be a faulty observation, or it may be a 
phenomenon of rare occurrence This person’s other test meals, fiY^e 
m number, all yielded specific gravities comparable with other normals, 
and her phenolsulphonephthalein excretion, blood urea and total non- 
protcin nitrogen and Ambard’s constant were strictly within normal 
limits Taking all the tests (124 in number. Table 5) into considera- 
tion, It is apparent that such a low maximum specific gravity is likely to 
be found in less than 1 per cent of normal persons, and may be disre- 
garded It IS probably due to some anomalous water excretion, which 
occurs very rarely 

In the other tests it was found that the maximum specific gravity 
was always 1 018 or higher on the high diet, and 1 020 or over on the 
lov or normal diets Evidently, this is one of the most constant fea- 
tures to be relied on in estimating normal renal function by the test 
meal procedure This may possibly be more forcibly demonstrated 
in Chart 1 Here it may be noted how m general the quantity of salt 
and nitrogen excreted varied according to the diet, and yet the fluctua- 
tions in the specific gravity reached a maximum of at least 1 018 on 
the high diet and 1 020 on the low or normal diets on each day 

In order to obtain a more complete knowledge of the reasons for 
a certain maximal concentration in the various specimens of this 
method of collecting urines, as well as for the other phenomena to be 
taken up in detail subsequently, it was decided to give a diet whose 
influence on the kidney should be as nearly uniform as possible This 
Mas accomplished by means of starvation A constant quantity of 
M'ater M^as given at tMm-hourly intervals, at the time M^hen the-period 
for each day specimen M^as begun This was successfully carried out 
in five experiments , in two others, the neater was taken in varying 
amounts and in one the quantity of water drunk was not'noted The 
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Chart 1— Results of frequent collections of urine m the day time and a 
Single specimen of urine at night in a normal individual for a period o si w 
days It shows how the variations of volume of urine, specific gravity an 
concentration of NaCl and K are somewhat similar whether the diet is nor 

mal, low or high ^ 

Explanation of the Chart The height of the columns in the spaces or 
NaCl, N and urine volume indicate the two-hourly rate of excretion (t e> 
are not absolute values as in the remaining charts) , the width of each colurnn 
represents the period of time covered by the individual specimen , the nig t 
urines are indicated in the solid black, the day specimens m oblique hatching 
The dots joined b\ continuous lines crossing the upper three tiers from left 
to right indicate the percentage concentrations of NaCl and N and the specific 
gravity, respectively In the second tier the columns represent absolute \alues 
for N and fluid taken at each meal The dividing line bet\%een the solid 
black (N) and cross hatched (fluid) column indicates the time at which the 
meal was taken The columns in the first tier record the fluid and N balance 
for the preceding twentj-four hours 
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results, because of their great interest and importance for the more 
thorough understanding of the normal mode of action of the kidney, 
are given in full in Table 6 


TABLE 6 — Results in Normal Persons while Fasting 
O bsorvfltion 1 Pirst Uny of Starvation 


Water 

Intake 

Urine 


00 

Time 

00 

Sp Or* 

NaOl 

N 

Time 

% 

Gm 

% 

Gm 

8 

200 

810 

245 

11 

064 

167 

0 49 

120 

10 

200 

10-12 

345 

08 

0 52 

179 

0 81 

Iff! 

12 

200 

12 2 

92 

15 

0 82 

0 75 

0 89 

0 82 

2 

200 

2 4 

92 

18 

0 52 

0 48 

092 

085 

4 

200 

4 e 

390 

07 

016 

0 62 

0 26 

101 

6 

200 

0 8 

132 

17 

0 60 

066 

089 

117 

Total, day 

1,200 


1,296 



5 87 


612 

NIebt 

0 

8- 8 

295 

27 

0 74 

218 

169 

499 

Total, 24 hours 

1,200 


1,591 



8 05 


1111 


Observation 2 First Day of Starvation 


Water Intake 

Urine 

Time 

GO 

1 

! Time 

GO 

Sp Gr»^ 

i 

1 NaGl 

1 ^ 

% 

Gm 

% 

Gm 

8 

250 

8-10 

100 

17 

102 

102 

0 76 

0 76 

10 

250 

10-12 

45 

22 

0 78 

0 35 

113 

0 51 

12 

250 

12 2 

56 

22 

0 96 

0 53 

116 

0 65 

2 

250 

2 4 

268 

05 

018 

0 48 

0 30 

080 

4 

250 

1 

4- G 

I 

202 

08 

016 

0 32 

0 40 

0 81 

6 

250 

6 8 

174 

08 

016 

0 28 

038 

066 

Total, day 

1,500 


845 



2 98 

1 

,^119 

Night 8 

250 

8-8 , 

900 

10 j 

016 1 

144 

0 49 1 

4 41 

Total, 24 hours 

1,750 

1 

1,745 

1 


4 42 

1 

8 60 


Observation 3 First Day of Starvation 


Water Intake 

Urine 

Time 

G C 

Time 

GO 

sp Gr* 

NaOl 1 

1 ^ 

% 

Gm 

% 

Gm 

8 

250 

8-10 

40 

27 

066 

0 26 

137 

0 55 

10 

250 

1 

10 12 

325 

04 

038 

124 

0 25 

081 

12 

250 

12 2 , 

1 

450 

04 

0 34 

1 63 

016 

072 

2 

250 

2- 4 

205 

06 

0 32 

066 

0 30 

0 62 

^ 1 

250 

4 6 

178 

05 

0 24 

0 43 

0 29 

0 52 

0 

230 

6 8 

204 

05 

0 22 

0 46 

0 22 

0 45 

Total, day 

1,500 


1,402 i 



4 67 


3 67 

Night 

0 


257 

20 

0 42 

1 

108 

0 94 

2 42 

Total, 24 hours 

1,500 


1,059 


1 

1 

565 

1 

609 
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TABLE 6— Results in N6rmal Persons while Fasting— Continued 


Observation 4 Second Day of Starvation 


Water Intake 

Urine 

Time 

00 

Time 

00 

Sp Gr* 

NaOl 

N 

% 

Gm 

% 

Gm 

8 

260 

8-10 

70 

21 

024 

017 

0 95 

0 67 

10 

260 

10-12 

no 

18 

0 26 

0 29 

0 78 

0 86 

12 

260 

12- 2 

168 

14 

0 22 

0 35 

058 

0 92 

2 

260 

2- 4 

440 

05 

010 

0 44 

0 22 

097 

4 

260 

4- 6 

295 

06 

014 

0 41 

0 27 

080 

6 

250 

6 8 

234 

OS 

0 22 

0 51 

1 

032 

0 75 

Total, day 

1,600 


1,307 



217 


4 97 

Night 

0 

8- 8 

770 

15 

0 20 

164 

0 66 ! 

4 31 

Total, 24 hours 

1,500 


2,077 

1 


371 


9 28 


Observation 6 First Day of Starvation 


Water Intake 

Urine 

Time 

OO 


OO 

1 

1 

Si> Gr* 

Nfor 

N 


% 

Gm 

% 

Gm 

• 8 

160 

8-10 

60 

20 

095 

048 

101 

0 51 

10 

150 

1012 

104 

17 

lU 

1 

119 

0 78 ' 

0 81 

12 

150 

12- 2 

77 

17 

115 

0 89 

085 

0 65 

2 

150 

2- 4 

115 

13 

0 72 

0 83 

0 73 

0 84 

4 

160 

4 6 

65 

20 

084 

0 65 

103 

0 67 

6 

160 ' 

6 8 

96 

16 

0 52 

0 60 

0 77 

0 74 

Total, day 

900 


507 



4 44 


4 22 

Night 

0 

8- 8 

303 


064 

166 

158 

4 87 

Total, 24 hours 

900 


815 



610 


909 


Observation 6 First Day of Starvation 


Water Intake j 

Urine 

Time 

OO 

Time 

1 

OO 

1 

Sp Gr*, 

NaOl 

N 

To 

Gm 

% 

Gm 

8 

350 

810 

95 ' 

26 

178 

169 

0 73 

1 69 

10 

360 

10-12 

405 

06 

j 0 26 

105 

015 

0 61 

12 

176 

12-2 

300 

06 

0 36 

198 

0 22 

066 

2 

176 

2- 4 

340 

06 

0 22 

0 75 

015 

0 52 

4 

176 

4- 6 

135 

10 

060 

081 

0 86 

0 49 

6 

175 

6 8 

34 

16 

0 94 

032 

060 

0 20 

Total, day 

1,400 


1,309 



660 


417 

Night 

0 

8- 8 

150 i 

23 

0 82 

123 

0 93 

1 40 

Total, 24 hours 

1,400 


1,459 
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TABLE 6 Results in Normal Persons while Fasting — Continued 


Observation 7 Second Day of Starvation 


Water IntaLe 

Urine 

Time 

CC 

Time 

c c 

Sp Gr* 

8 

175 

8-10 

34 

27 

10 

175 

1012 

102 

12 

12 

350 

12- 2 

122 

10 

2 

350 

2 4 

385 

03 

4 

175 

4 6 

375 

05 

6 

0 

6- 8 

202 

07 

Total, day 

1,225 


1,220 


Night 

0 

8 8 

4C0 

22 

Total, 24 hours 

1,225 


1,6S0 

1 


Observation 8 

Second Day of Starvation 



Water IntaLe 

Urine 

Time 

C C 

Time 

c c 

Sp Gr* 



8-10 

77 

24 



10-12 

45 

25 


Not 

12 2 

04 

25 

Noted 






2 4 

44 

20 



4 C 

00 

25 



e- 8 

03 

20 

Total, dar 

7 


353 


Night 

? 

8- 8 

475 

17 

Total 24 hours 

? 


828 



* Last tv^o figures onlv 


It is evident that even m starvation there is a maximum concen- 
tiation of 1 020 or over This would not have been the case had water 
been forced continuously, as has been done by a number of observers 
Under such conditions there is a continuous flow of urine of low 
specific gravity In the present studies only such amounts of water as 
the person was supposed to desire were taken at regular intervals, thus 
providing a constant stimulus to diuresis Under such circumstances' 
there appear to be two types of response, one seen in Observation 8 
(Table 6), the othei in the remaining experiments In Observation 8 
there was no record of the water intake, presumably, however, it was 
low, as the specific gravity remained high and fairly constant through- 
out the day, Observation 5, with a comparatively low water intake 
(150 cc every two hours) approximates this lesult In the other 
ohseriations, when the water intake was higher, there was at least one 
specimen in the twenty-four hours that reached 1 021 or higher This 
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there was at intervals a large urine output, exceeding the intake by a 
considerable margin, followed by a period of comparative oliguria It 
seemed as though, if the resistance which the diuretic stimulus encoun- 
tered were once overcome, the kidney continued to act and dram the 
body of as much fluid as was available, acting much on the principle 
of a syphon Thus, there would be either one (Observations 2, 3, 4, 6 
and 7, Table 6, and Observation 4, Chart 2) or two periods of diuresis 
(Observation 1, Table 6, and Chart 2) during the day 

That the specific gravity varies m inverse proportion to the quantity 
of fluid excreted is readily appreciated It is this factor of variability 
in the water output, in spite of a constant fluid intake, that evidently is, 
m part at least, responsible for the production of a specific gravity of 
1 020 or over during some period of the day or night in normal per- 
sons The quantity of nitrogen excreted remains fairly constant from 
period to period, being at times slightly higher when diuresis occurs 
The sodium chlorid has a tendency to be much higher in the morning 
hours than in the afternoon on the first day of starvation Here again 
during the period of high urine output the salt excretion is frequently, 
though not always, raised These facts are brought out clearly in 
Chart 2 The one observation (Observation 4, Table 6 and Chart 2) 
covering the second day of starvation indicates that the sodium chlorid 
output becomes constant from hour to hour at that time 

Explanation of the Charts — Except Charts 1 and 4, each chart is divided by 
two horizontal lines into three tiers The lowest of these gives the figures 
for water and specific gravity, the middle for nitrogen and the upper for 
sodium chlorid Each is further divided by a central vertical line into right 
and left halves The left half, with its scale at the extreme left, contains 
SIX columns for the two-hourly specimens collected between 8am and 8pm 
Each column represents absolute values The right half is read by the scale 
at the extreme right The columns of this right half are two pairs , the 
central pair represents the total night and the total day twelve-hour figures 
for volume, nitrogen and sodium chlorid, night in solid black and day in oblique 
hatching at its right The pair at the extreme right represent intake and output 
for the whole twenty-four hours, intake at the left in vertical, output at 
the right in cross or oblique hatching The dots joined by continuous lines 
crossing each tier from left to right indicate the specific gravity and the 
percentage concentrations of nitrogen and sodium chlorid, respectively, and 
are read from the scale at the left 

It seems justifiable to conclude, therefore, that a normal individual 
will void at least one specimen a day, when the urine is collected 
according to the method under discussion, of a specific gravity of 1 018 
or more on any diet, and of 1 020 or higher on the low or normal diets 

THE VARIATION OF SPECIFIC GRAVITY IN NORMAL TESTS 

From Tables 2, 3, 4 and 5 it is evident that m normal individuals 
there is usually a variation of specific gravity of 9 points or more while 
on the high and low diets, but that the variation may be much less on 
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1 iRST Day or Starvation 

i Indicates the time at which 200 c c of 
fluid were taken (corresponds to Observa 
tion 1, Table 6) 
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U»ol 
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^ < z = 

Z Q — O 



Second Day or Starvation 

i Indicates the time at which 250 cc of 
fluid were taken (corresponds to Observa 
tion 4, Table 6) 


Chart 2 — Results of two-hourly collections of urine in the day time and a 
single specimen at night in normal individuals, while taking no food or fluid 
except water Note the marked variations in the volume and specific gravity, 
and the concentrations of N and NaCl in the urine, in spite of the constant 
fluid intake 
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the normal diet It would seem that this is laigely a matter of the 
amount of fluid taken during the day This is compai atively high 
with the low protein diet, in which the vegetables, cereals and fruits 
contain much moisture, in the high diet it is forced to some extent, 
although even hei e, during hot weather, especially when there is much 
water lost through the skin, as Lyle and Shailit have shown, and as is 
noted m the present observations, the amount of watei consumed is 
inadequate to result in much variation m the amounts of urine elim- 
inated, and the result may be a distinct fixation of specific gravity, 
though this occurs but rarely, and always at a high level, with the 
normal diet, however, the results are distinctly diffeient, and there is a 
marked tendency to a fixation of the specific giavity Evidently, under 
oidmaiy circumstances, the normal individual is m the habit of taking 
less fluid than when consuming the food which we have been accus- 
tomed to use in the low and high diet tests It has been previously 
mentioned that a kidney apparently affected by a constant diuretic 
stimulus of frequently repeated drinks of water of moderate size 
will exhibit periods of polyuria and oliguria (Table 6 and Chait 2), 
and that this variation in the specific gravity in the specimens of urine 
obtained f i om hour to hour appears to be one of the chai actenstics of 
a normally functioning kidney when receiving an adequate supply of 
water, regaidless of the diet It may be concluded, therefore, that 
under the conditions of the test a normal urine is one which exhibits a 
variation of specific gravity of 9 degrees or more A smaller variation 
does not necessarily indicate that the kidney is abnoimal, provided the 
specific gravity is high (1 020 or over), but may point to a deficient 
available supply of water from which to form urine It may prove 
itself of value in appropriate cases to use this method to determine 
whether or not an individual is drinking enough water to meet his 
bodily demands 

THE VOLUME, SPECIFIC GRAVITY AND CONCENTRATION OF NITROGEN 
OF THE NIGHT URINE IN NORMAL TESTS 

The mam eiior of the former normal standard lay in the fact that 
the volume of the night urine was thought to be 400 c c or less Lyle 
and Shai lit have already pointed out that this is incorrect The present 
studies (Tables 2, 3, 4 and 5) indicate that the night urine, when the 
collection of this specimen is begun three hours after supper, and no 
further food or fluid is taken until the next breakfast, may be as high 
as 750 c c , regardless of whether the diet be high, low or normal If 
this be true, it necessarily follows that the night urines exhibit lower 
specific gravities and lower concentrations of nitrogen than was origi- 
nally thought possible In judging the night specimen, therefore, only 
urines exceeding 750 cc may be looked on as exhibiting nocturnal 
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polyuria, the specific gravity figuies can only be legarded as of any 
value, in so far as they may, in some cases, be the maximal concentra- 
tion of the test, the concentration of nitrogen may be interpreted as 
normal if it is over 1 per cent , but not necessai ily as an indication of 
diminished lenal function, if it is lowei 

THE REVISED NORMAL STANDARD 

The normal standard, as discussed in the foregoing for the various 
diets, IS summarized in Table 7 It would seem from these tabulations 
(Tables 2, 3, 4 and 5), with some minor differences as indicated in 
Table 7, and the very obvious conclusion that a high concentration of 
salt and nitrogen is less frequent on the low than on the other diets. 


TABLE 7 — Normal Standard tor Test Meal tor Renal Function 




Diet 



High 

Low 

Norpnl 

Maj-imum specific gravitj 

18+ 

20+ 

20+ 

Decrees Tanatjoa of specific gravity, usuallj 


9+ 

No value 

Specific gravity of night unne 


Of no significance 

Volume c c of night urine 


750 c c or less 


N and NaCl per cent in night unne 1 
or highest per cent in any Bpecimon } 

1 Noranl if 1 per cent or 
( necessarily abnorm il if 

higher, not 
loss 


that the diets may be used interchangeably for the test When the 
significance of the factors already discussed is more thoroughly under- 
stood, various simpler methods will perhaps be devised to test out one 
point or the other that may seem especially important The summary 
given in Table 7 would indicate that the height of the maximum specific 
gravity and the volume of the night urine are the most constant 
features of the normal test, regardless of the diet The other char- 
acteristics are possibly robbed of some, but not all, of their significance, 
because they fluctuate within such wide limits 

TEST MEALS FOR RENAL FUNCTION ON HIGH AND LOW DIETS IN 
ABNORMAL INDIVIDUALS 

The comparative value of test meals for renal function on high and 
low diets was observed in 114 patients whose diagnoses are detailed 
in Table 8 In the study of these cases only the high and low diets 
were employed It was thought that these would probably yield results 
with the greatest possible contrast “Normal” diets are usually imprac- 
ticable in the class of patients under consideration The only possible 
disturbing element, if other diets than these would be employed in 
carrying out the test, would appear to be the greater tendency to a 
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fixation of the specific giavity (Table 5) Due allowance can be 
readily made for this vaiiation The tests under consideration aie so 
numerous that only a summaiy of them can be presented The findings 
previously reported^ for diseases of the urinary tract have been thor- 
oughly substantiated, and only such facts as appeal to be new will be 
completely discussed 


TABLE 8 — Cases in which a Comparison or Test Meals on High 
AND Low Diets Was Made 


Diagnosis 

Number 
of Oases \ 

Chronic nephritis 

58 

Essential hypertension 

21 

Aeuto nephritis 

13 

No renal disturbance 

6 

Pyelitis and cystitis 

4 

Cardiac disease 

4 

Marked anemia 

3 

Hyperthyroidism 

3 

Spinal cord ln 3 ury and paralysis of bladder 

1 

Polycystic kidneys 

1 


114 


NOCTURNAL POLYURIA 

There weie twenty-one patients of the 114 studied in whom there 
was a nocturnal polyuria (that is, more than 750 c c of urine at night) 
on only one of the tests It is very significant that the increase of night 
urine occurred almost exclusively on the high diet (Table 9) In only 
two of the twenty-one cases in question was it found with the low 
diet test, in one of these the patient was evidently eliminating edema 
at the time he was exhibiting a nocturnal polyuria and may therefore 
be considered as being under diuretic influences, which nullified those 
of the diet, there was no evident explanation for the occurrence of 
the increased volume of night urine on the low diet in the second case, 
the one diagnosed as hypertension 

It IS self evident that there should be a greater elimination of salt 
and nitrogen on the days of the high diet than on the low This 
increased excretion is likewise present m the corresponding night urine 
(Table 9) This simple fact throws much light on the question of 
nocturnal polyuria, which has thus far been largely accepted as a 
symptom for which there was no definite explanation It may be 
noted that m both instances m which the nocturnal polyuria occurred 
during the low diet period there was an increased elimination of salt 
and, 111 one case, an increased excretion of nitrogen, as compared to 
the high diet period It would then appear that the quantity of solids 
which the kidney was eliminating might be considered the determining 
factor controlling the amount of night urine In the first place, it may 
be concluded that nocturnal polyuria is a compensatory phenomenon 
to bring about the elimination of solids which a defective kidney 
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cannot excrete except at lower concentrations than normal, in the 
second place, it appears that nocturnal polyuria is a signal that the 
kidney function is being overtaxed and that, in some instances at 
least, a suitable diet may do away with this unnecessary strain 


TABLE 9— CoMPAMSON or Night Urines in Those Cases in which There 
Was Nocturnal Polyuria (More Than 750 Cc) on Only One or 
THE Test Diets 


Ongno'-is 

Phenol 
sulphonc 
phthalein, 
Per Cent 

Night Urine 

Low Diet 


High Diet 


Volume, 

OC 

NaCi 

Gm 

N 

Gm 

Volume, 
C C 

NaOl 

Gm 

N 

Gm 

Clironjc nephritis 

0 

720 

2 02 

3 07 

840 

286 

412 

Chronic nephritis 

10 

475 

102 

209 

1055 

4 01 

' 3 09 

Chronic nephritis j 

10 j 

690 

2 12 

2 42 

925 

3 52 

2 87 

Chronic nephritis j 

20 

535 

268 

2 14 

1147 

0 07 j 

0 07 

Chronic nephritis 

31 

740 

4 22 

4 00 i 

790 

4 00 j 

4 19 

Chronic nephritis 

32 

400 

128 

3 20 

780 

3 20 

5 30 

Chronic nephritis 

37 

010 

4 03 

208 

1300 

8 32 

4 29 

Chronic nephritis 

39 

470 

2 44 

1 44 

820 

553 

4 02 

Chronic nephritis 

39 

1000 

5 40 

3 50 

335 

2 01 

3 47 

Chronic nephntis 

45 

695 

179 

2 02 

1910 

4 39 

6 73 

Chronic nephritis 

40 

525 

110 

4 52 

1170 

2 40 

4 C8 

rssentnl hjpertension 

03 

415 

4 07 

4 57 

900 

918 

711 

Essential hjpertension 

00 

1040 

4 08 

2 70 

550 

3 58 

4 02 

Es'entfal hjpertension 

57 

565 

4 80 

288 

767 

5 52 

4 CO 

Essential bjpertencion 

59 

725 

4 35 

2 32 

1240 

918 

5 08 

Acute nephritis 

24 

440 

1 30 

208 

860 

3 27 

5 07 

^eutc nephritis 

31 

740 

3 20 

2 59 

1160 

4 04 

4 18 

Acute nephritis 

01 

OCO 

1 65 

817 

795 

1 91 

3 98 

Pjehtis md cjstitis 

G5 

415 

183 

2 78 

780 

3 98 

3 69 

Anemia 


520 

2 81 

182 

1250 

2 75 

0 34 

Chronic arthritis 

75 

507 

2 20 

2 80 

1004 

5 75 ^ 

4 66 


A detailed example of these phenomena is given in Table 10 and 
Chart 3 This was a case of chronic nephritis of moderate severity 
The tests on the low diet and the high diets show absolute agreement 
except for the presence of nocturnal polyuria on the high diet and 
none on the low There is a distinct fixation of specific gravity at a 
rather low level — ± 1 014 , the concentrations for salt and nitrogen 
do not rise very high and are fairly constant, and the output of fluid 
during the day is approximately the same in both instances, in the 
night urine, however, the high diet test shows a volume of 780 c c , 
containing 3 2 gm of sodium cfilorid and 5 3 gm of nitrogen, as con- 
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trasted with 400 c c , sodium chlorid, 1 28 gm , and nitrogen, 3 2 gm , 
on the low diet Since the concentrations of sodium chlorid and 
nitrogen in the urine did not vary appreciably, it would appear that 
the nocturnal polyuria here is a distinct compensatory manifestation to 
eliminate the solids which would otherwise have been retained 

TABLE 10 — Results with High and Low Diets in a Case of Chronic 
Nephritis or Moderate Severity The Tests Are in Absolute Agree- 
ment Except That Nocturnal Polyuria Is Present on the High Diet 
and Not on the Low Diet This Is a Very Common Discrepancy (The 
Figures Correspond with Chart 3 ) 


Tune of Day 

0 0 

Specific 

Gravity 

Sodium Chlorid 

Nitrogen 

Albumin, 
Per Cent 

Per Cent 

Grams 

Per Cent 

Grams 

8-10 

66 

1013 






1012 

68 

1014 






12 2 

78 

1014 






2 4 

110 

1014 






4- 6 

88 

1014 






6- 8 

128 

1012 






Total, day 

528 


0 36 

190 

0 76 

4 01 

Faint trace 

Night, 8 8 

780 

1012 

0 41 

3 20 

0 68 

5 30 

Faint trace 

Total, 24 hrs 

1,308 



510 


931 


Intake 

1,760 



850 


18 40 


Balance 

-f452 



-f3 40 


-f4 09 


Time of Daj 

c c 

Specific 

Gravity 

Sodium Chlorid 

Nitrogen 

Albumin, 
Per Cent 

Per Cent 

Grams 

Per Cent 

Grams 

810 

84 

1 014 






10 12 

58 

1014 






12 2 

118 

1016 






2 4 

176 

1013 






4 6 

103 

1018 






6 8 

124 

1012 






Total, day 

668 


050 

3 34 

0 76 

508 

Faint trace 

Night, 8-8 

400 

1013 

1 

032 

128 

080 

3 20 

Faint trace 

Total, 24 hrs 

1,068 



462 


828 


Intake 

800 



200 


380 


Balance 

—268 



—2 62 


—4 48 



It has been generally believed that polyuria, m chronic nephritis 
and other conditions, is a favorable symptom, provided that it results 
in an adequate excretion of solids in the urine, and dietetic measures 
have as a rule not been directed against it In diabetes insipidus we 
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Chart 3 — ^Results with high and low diets m a case of chronic nephritis 
of moderate severity The tests are m absolute agreement except that nocturnal 
poljuria IS present on the high diet and not on the low diet This is a very 
common discrepancy 
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have an example of the most extreme polyuria which apparently does 
not damage the kidney Cases of chronic nephritis, however, present 
a different problem , in them it may very well be that overstrain of the 
function of water excretion may result m further damage to the 
kidneys While the present observations do not furnish conclusive 
evidence on this point, it is interesting to note that many of these 
patients welcomed the low protein diet because it relieved their thirst 
to such a great degiee To them the polyuria appeared to be a second- 
ary consideration Furthermore, in one instance, at least, an acci- 
dental observation showed that water given in large amounts may 
result in a diminished urinary output instead of an increase (Chart 4) 
Similar phenomena have been recorded as the result of diuretic drugs 
and sodium chlorid That a diuretic as bland as water should 
“fatigue” the kidney is probably somewhat surprising In another 
instance of severe nephiitis, the same phenomenon was seen as the 
result of a glucose infusion It may be that a polyuria persisting for 
a longer peiiod may cause a gradual impairment of renal function, 
just as the sudden huge increase of water intake m the instances 
cited m the foregoing brought about an immediate diminution m the 
volume of urine These facts must be looked on as suggestive only, 
unless they are borne out by further evidence Thei e were nine cases 
of chronic nephritis m the present series exhibiting nocturnal polyuria 
on both diets, their phenolsulphonephthalein excretion ranged from 
35 to 5 The eleven cases in which the abnormally high night urine 
was present on only one diet (almost invariably on the high diet. 
Table 9) showed a phenolsulphonephthalein varying from 46 to 0 
The remaining cases of chronic nephritis, thirty-eight m number, in 
which theie was a night urine, normal in amount, on both the high 
and the low diets, revealed phenolsulphonephthalein excretions vary- 
ing from 0 to 58 per cent m two hours Of the twenty-one cases 
classified as hypertension, in which the phenolsulphonephthalein was 
approximately normal, there was nocturnal polyuria on the low diet 
in one case, on the high diet m three cases, and no nocturnal polyuiia 
^on either diet in seventeen cases From these facts it may be concluded 
that nocturnal polyuria may be absent even when there is a very 
marked lenal insufficiency, but that when it is present it indicates a 
distinct impairment of function, especially if the night urine is 
inci eased while the patient is on a low diet 

As has been stated before, the interpretation and therapy of any 
one of these abnormalities depend largely on the cause An entirely 
different significance is to be attributed to nocturnal polyuria m chronic 
and acute nephritis, pyelitis, cystitis, severe anemia, diabetes insipidus, 
etc In general, nocturnal polyuria was found to exist in the same 
type of cases as in the observations previously lecorded 
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THE MAXIMAL SPECIEIC GRAVITY 

This IS probably one of the most important features m measming 
renal function by the method under consideration It has been 
pieviously noted how, as the activity of the kidney becomes impaired, 
there is a tendency for the specific gravity of the urine to assume a 
lower level until in the final stages it usually cannot be raised above 
1 010 In the present studies it has been shown that in the normal 
individual the test meal for renal function elicits a maximal specific 
gravity of 1 018 or over on the high diet and of 1 020 or more on 
the low (Table 5) In comparing the results of the high and low 
diet, as far as the maximal specific gravities are concerned, m abnormal 
individuals, there is a fairly close agreement (Table 11) 

As IS shown by the figures in heavy type in the comparative statis- 
tics given in Table 11, there is more than a very slight disagreement 
in the conclusion to be drawn from the maximal specific gravity on 
the high and low diets in only sixteen out of the 114 tests, and in 
most of these the difference is not very great There are, howevei, 
a few m which there is a marked divergence between the two In 
a number of these it is the very rapid change which renal function 
undergoes m patients m whom there is an edema, either because 
of passive congestion brought on by myocardial insufficiency, or as 
an accompaniment of either chronic or acute nephritis In all of 
these conditions, which are so closely related to the question of renal 
function, both m chronic and acute nephritis, there is neaily always 
a specific gravity of about 1 020, which is usually fairly fixed The 
change from an oliguric state to one in which there is a polyuria 
and an elimination of the retained fluid, is often, though not always, 
a very rapid one This very sudden increase m the quantity of 
urine elimination is accompanied by a corresponding depression m 
the specific gravity This, instead of being constantly high, now 
becomes fixed at a low level In two cases, a record of the urinary 
excretion by the test meal method was fortunately obtained on the 
day when the polyuria set m In the first patient there had been a 
very marked and persistent edema for more than four months, he 
was suffering with an acute nephritis which was becoming chronic 
Table 12 and Chart 5 show how rapidly m his case the transformation 
occurred from one specimen to the next, it may be considered to be 
a matter of minutes only Another patient, a case of acute nephritis, 
exhibited this same sudden remarkable change (Table 13) It is 
probable that most of the very marked differences occurring in maxi- 
mal specific gravities of the high and low test meals are accounted 
for in this way The findings in regard to the above phenomenon 
have been so constant that from a single specimen it was often 
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Chart 4 — The result of forcing fluids m a case of marked chrome nephritis 
(The low, fixed specific gravity is seen in the chart, the phenolsulphonephthalein 
excretion was 5 per cent in two hours ) The large fluid intake did not bring 
about an increased output of urine, but evidently had the opposite effect, indi- 
cating that what we consider to be the blandest of all dihretics, water, may, 
if gi\ en in excess, cause further impairment of renal function in severe nephritis 






TABLE 11 Comparison of the Maximal Specific Gravities Obtained on 

the High and Low Diets in Abnormal Persons* 


Diagnosis 

1 

Number 

Oases in which the Maximal 
Specific Gravity Is Below 
Normal in One Test Only 

Oases in which the Maximal 
Specific Gravity is Below 
Normal in Both Tests 

of Oases •" 
In which 
Both 

Maximal Spedfle 
Gravityf 

Phenol 

sulphone- 

Maximal Specific 
GravltyS 

Phenol 
sulphone- 
phthalem 
Per Cent 
in Two 
Hours 

rests Are - 
Normalt 

Low 

Diet 

High 

Diet 

Per Cent 
in Two 
Hours 

Low 

Diet 

High 

Diet 

Chronic nephntls 

16 

(16) 

21 

65 

13 

16 

60 



(18) 

19 

55 

15 

12 

58 



29 

(17) 

53 

18 

15 

46 



22 

(14) 

47 

14 

03 

46 



(19) 

22 

44 

16 

16 

45 



22 

(17) 

41 

17 

15 

45 



(18) 

20 

41 

17 

16 

44 



(19) 

19 

37 

16 

11 

40 



(19) 

18 

SO 

11 

11 

36 



(IV) 

18 

29 

09 

12 

35 






19 

15 

34 






16 

14 

82 






14 

16 

31 






12 

12 

SO 






16 

15 

30 






14 

13 

29 






19 

17 

21 






11 

10 

20 






12 

12 

20 






13 

12 

20 






13 

12 

20 






14 

17 

16 





i 

10 

11 

16 






16 

17 

12 






10 

11 

10 






14 

11 

10 






10 

09 

8 






10 

12 

5 



1 



10 

OS 

5 






08 

09 

5 






10 

11 

0 






13 


0 

Acute nephritis 

0 


19 

72 

09 

12 

61 



(14) 

21 

60 

14 

14 

60 



(15) 

18 

34 

13 

12 

54 





1 

16 

17 

54 






16 

15 

53 





1 

13 

15 

50 





1 

15 

15 

40 






15 

15 

35 



1 


1 

17 

15 

35 



j 



13 

14 

24 

Essential hypertension 

11 

20 

(IV) 

69 

14 

17 

81 



I (15) 

18 

68 

19 

15 

59 



(10) 

20 

67 

15 

15 

49 



(19) 

20 

65 






21 

(14) 

57 






(19) 

20 

61 






(14) 

18 

46 




Polycystic kidneys 

0 




10 

10 

0 

Cjstitis and pyelitis 

1 




10 

11 

60 



(IV) 

19 

70 

09 

11 

57 

Cardiac disease 

2 

(19) 

20 

bO 






(19) 

25 

31 




Anemia 

1 

26 

(15) 

65 

12 

14 

73 

Hyperthyroidism 

2 




17 

17 


Spinal cord lesion and 

1 







bladder paralysis 

0 




14 

12 

0 

bo renal lesion 

3 

25 

(17) 

75 

19 

17 

63 



i 

07) 

72 





morl Than'‘fpollfts'’Sw the abnormal figure ia 

over are* maximal figures of the two diets is 4 or 
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TABLE 12— Results in a Case of Acute Nephritis with Edema The 
Edema Had Persisted for About Four Months On the Day of High 
Diet the Very Sudden Change to Polyuria with a Much Lowered Spe- 
cific Gravity May Be Noted On the Low Diet the Marked Success 
OF THE Kidney in Eliminating Edema Is Evident These Changes in 
Edematous Cases Frequently Are Responsible for Very Varying Results 
(The Figures Correspond with Chart 5 ) 


Time of Djj i 

I C C 

i 

Specific 

Gravity 

Sodium Ohlond 

Nitrogen 

j Per Cent 

i Grams 
« 

' Per Cent 

1 Gramb 

g-10 

102 

1 017 

0 89 

1 0 91 

0 50 

0 51 

10-12 

1 90 

1020 

0^3 

0 73 

063 

061 

12- 2 

98 

1020 

0 03 

0 62 

0 78 

0 76 

2- 4 

118 

1021 

047 

0 55 

081 

0 96 

4- 6 

S8 

1020 

0 42 

037 

0 83 

0 77 

6 8 

290 

1000 

017 

000 

0 26 

101 

Total, day 

8SQ 



8£6 


4 62 

Night, 8-E 

1 , 1.280 

1010 

049 

020 

0 33 

4^ 

Total, 24 hrs 

j 2,100 


! 

1012 


9 48 

Intake 

: 1,700 

! 

[ 

I 

830 


13 40 

Balance 

j -406 

; ! — 1 02 

* ' i 

1 

1 -<-3 92 

Time of D ij 

c c 

specific 

Gravitj 

Sodium Chlond 

I 

1 Nitrogen 

Per Cent i 

’ Gram= 

i Per Cent 

1 Gram? 

8-10 

355 i 

1010 

000 

2^4 

j 0 20 

1 0 71 

10-12 

193 

1014 

090 

1 76 

i 1 

' 006 

12- 2 

290 

1011 

004 

1£0 

i 028 i 

1 0 81 

5! 4 

225 

1 014 

0 77 

173 

1 0 35 I 

i 0 79 

4- 0 

18C 

1 014 

0 89 

1 00 

I 0 37 

0 67 

6- 8 

275 

1010 

058 

1 00 

031 

085 

Total, day 

1,520 


! 

1 10^ 

— i 

1 

4 43 

Night, S-8 

1,000 

1010 

000 1 

1 

9 96 

021 ! 

3 49 

Total, 24 hre 

3,180 


i 

i 

i 20^5 


7 97 

Intake 

080 


! 

1 

850 


389 

Balance 

—2,500 

1 


—12 35 

1 


—4 03 
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High Diet Test Low Diet Test 

Chart 5— Results in a case of acute nephritis with edema The edema had 
persisted for about four months On the day of high diet the very sudden 
change to poljuria vith a much lowered specific gravity may be noted On 
the lov diet the marked success of the kidney in eliminating edema is evident 
These changes in edematous cases frequently are responsible for very vary- 
ing results 
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possible to determine v.hether the edema was retained (specific grav- 
ity rfz 1 020) or eliminated (specific gravity 1 010) 

At times this transition from a marked oliguria to a pro- 
nounced polyuria is not so abrupt The case of uhich tests are 
given in Table 14 and Chart 6 illustrates this This was a patient 
afflicted with a marked chronic nephritis, accompanied by a moderate 
degree of edema There is no verj’’ marked difference between the 
two tests except that on the day of high diet the specific gravity 
\Yas fixed at a lower level (rrlOll) than on the low (=:1014). 

TABLE 13— Result of Test Meal ox High Diet ix a Case of Acute 
Xepheitis The Shape Chaxge fpom Oligurut vhth a High Sfeciihc 
Gpj-.tity to Polyupja ^xd a Low Specific Grayity Is Strikixg This Is 

pRESUlIABLY THE EXACT TlHE AT WHICH THE KlDXEYS BeGAX TO ElIM- 
IXATE THE EoEilA 


Time ol Day 

CG 

‘Specific 

Gravity 

Eodmm Calond 

! Xltrogen 

Per Cent 

Grams 

1 Percent 

Grams 

S-IO 

40 

1021 





10-12 

C3 

1021 





12- 2 

35 

1020 



( 


2- 4 

57 

1013 





4- e 

83 

1017 





C- 8 

228 

im 





Total, day 

500 

*. 

0 57 

2AS 

OM 

3 34 

Klgbt, S-S 

1,223 

1010 

050 

C14 

0^3 

4 03 

Total, 24 hre 

, 1,734 

1 

1 • • 

\ 

9 02 


7£3 

lutale 

' 1,760 

1 

t ' • 

- 

305 


13 iO 

Balance 


< 


-G02 


-0 01 


< I 


This would seem to indicate that fluid was being more readily 
eliminated in the first period There is not much difference in the 
fluid balances of the two days (It has already been noted how on 
the low diet because of the fluid contained in the vegetables, fruits 
and the boiled cereals and puddings, there is an apparently negative 
fluid balance in normal indniduals The small water loss on the 
low diet day may, therefore, be considered to be within normal limits) 
It is probable, how'ever, that the retention of fluid was responsible 
for the test in which the specific gravity vras 1014 and that the 
elimination of the edema resulted in the unnar}’’ specimens with a 
specific gravity of 1011 

It must be borne in mind m this connection that cases of verj' 
severe nephritis may not show an elevation of the specific gravity in 
spite of a failing heart and congestion of the kidneys, or because 
of the accumulation of edema associated with renal disease These 
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High Diet Test Low Diet Test 

Chart 6 — Results with high and low diets in an advanced case of chronic 
nephritis with edema It is probable that the varying reaction of the kidney 
to the retained fluid is responsible for the difference in the two tests Here the 
changes are not as abrupt as in Tables 12- and 13 The maximal specific 
graMty on the low diet is moderately lower than normal, that on the high 
diet IS markedly so 
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aie among the most ad\aiiced types of diminished renal function met 
with, and m them the maximal specific gravity is always at a level 
of about 1 010 This accounts foi the very maiked agieement of the 

TABLE 14 — Results with High and Low Diets in an Advanced Case of 
Chronic Nephritis with Edema The Maximal Specific Gravity on the 
Low Diet Is Moderately Lower Than Normal, That on the High Diet 
Is Markedly So (The Figures Correspond with Chart 6 ) 


Time of Day 

OC 

Specific 

Gravity 

Sodium Ohlorid 

Nitrogen 

V 

Per Cent 

Grams 

Per Cent 

Grams 

810 

130 

1011 



[ 


10-12 

118 

1010 





12 2 

120 

1011 

i 




2 4 

14G 

1010 





4 f> 

150 

1011 


1 

1 



C S 

150 

1011 





Total, dnj 

820 


0 37 

3 03 

0 66 

5 41 

Nlglit, 8 8 

710 I 

1011 

0 46 

3 27 

0 61 

4 33 

Total, 24 hrs 

1,530 



6 30 


9 74 

Intake 

1,760 



6 50 


12 00 

Balance 

+230 



+0 20 


+2 26 


Time of Day 

C 0 

Specific 

Gravity 

Sodium Ohlorid 

Nitrogen 

Per Cent 

Grams 

Per Cent 

Grams 

810 

SO 

1016 





1012 

104 

1011 





12- 2 

96 

1014 





2 4 

103 

1014 





4 6 

90 

1015 





6- 8 

86 

1014 





Tot il, day 

565 


0 44 

2 49 

066 

3 73 

Night, 6 8 

475 

1014 

023 

109 

063 

2 99 

Total, 24 hrs 

1,040 



3 58 


6 72 

Intake 

fOO 



000 


1 53 

Balance 

—440 



+2 42 


—519 


maximal specific gravity figures for the two tests found in most of the 
cases with a very low phenolsulphonephthalem excretion (Table 11) 
The results of the tests m a case of this sort are furnished m Table 15, 
Chart 7 The results of the two tests are almost identical m every 
respect Other tests were made on this patient at various intervals 
and alwavs yielded similar results 

It may, therefore, be concluded that the maximal specific gravity 
values obtained uith the low and the high diets are of equal sigmfi- 
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High Diet Test Low Diet Test 

Chart 7— Results with high and low diets in a case of nephritis of maximal 
seventy, there is absolute agreement between the two tests In this patient 
neither the occurrence of a transient myocardial insufficiency nor the tem- 
porary presence of a moderate grade of edema changed the results obtained 
at \arious times 
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RE.:AL FUXCTIOX 

cznce : that % ariations may occar btit that these are 'dsualK caused by 
the alternate retention or elimination of edematous fluid, and are 
apparently not influenced by the character ot the test oiet. Oiang^es 
in the level of the spedflc gravit}' as the result of such a deranged 
V. ater metabolism, may oe extremely rapid or may occur %eiji gi aoually 


TABLE 15 —Results vn-H High Lov, Dtsrs ir a of Xhpehitis of 
SETEE iryj Theee Is Absolute AcBEEiiEyi Bett.'eex ttLZ Two 
Tests I:r This PattexT Xeitee?. tee Occuehexce of TR.-.xsrEXT Mio- 

CrXDtrX IxSUFFiCEXOI Xo?. TEE TeXIFOEAHT PhESEXCE OF A- IIODEEATE G?_-H)E 
OF EdZISA CmAXCEO TEE RESULTS ObTAXXED AT .-.EIOUS TXHES (TES 

Ficuees CoESESPOim larH Chaft 7.) 


T rc- ol Dc.t 

C C 

1 

• =F-t£c 
Grcvitr 


Calord 

XiiTojsa 

D'tXd Ai 

Per C-nt 

Per Ceat. 

Graars 

Per Ceat. Grsais 

s-y- 

71* 

lA'G 






IC 2 

1 f-c 





iZ- Z 

J 







IH 

l/'S 





4- e 

112 

- f#** 





€- S 

1*0 

lA'C 





Tots! d::- 

?n 

. 

OA5 

HiE 

OSG -i*'* 

IC 

y Sat,SS .. 

sro 

1 

fj— 

2.55 

0 45 4 02 

r c 

Toll.’ T- ars 

l,TLl 

i 


ATI 

set 




> 

• 

S55 

25 40 

- 

SaJrar'e. 


. 


— C 72 

"“■= 7^:* 


T IT* oi Z)s- 

cc 


ara 

Calord 

K trof ea 


o-a*-.*- 

Pr-- Coa* 


Pt:'“ C-eTi*. Grdiis 

?e- Coat 

£-:<j 

n? 

T r^r 





F-E 

12-4 

i.<"* . 





It 2 

* 

L''C9 





-£ 

ft. * 






4- C 

03 

2 /ro 





r- s 

Xj 

1 CID 





TOiE CC.r„ 

n-*j 


0.24 

1A2 

o-j; SES 

10 

cl** S-5 

Fo 

’5 

OS:; 


0 42 ers 

cs 

To* j n r;~ 

1 CO' 

• 


-£ it 

~ i', 



2A'0 

- - 

... 

1«5*I 

2 

t 


—z:o 

-- 


0 Ci 

. — ^ 50.5 



THE V.ARIATIOX OF SPECIFIC GRAATTY 

A study or Table 16 shov. s that there is no great divergence in the 
degre^ ox vanation m the specific gravit}' readings on the high and 
lovr diets in abnormal mdi'ciduals. Of the fifty-sLx tests exhibiting 
a subnormal %-ariadon on both diets, there are onlv seven fflcmre^ m 
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heavy type in Table 16) in which the difference between the high and 
low diets indicated a marked disci epancy Of those exhibiting a 
subnormal diveigence on only one diet, it appears that an impairment 
of renal function (figures in heavy type, Table 16) is more frequently 
manifested on the high (sixteen instances) than on the low diet 
(nine instances) The reason for this is probably to be found in the 
lelati/ely greater intake of fluid in proportion to the solid food 
in the low diet 

The same factois that may cause a fixation of specific gravity m 
the normal individual (as previously discussed) may also be con- 
sidered to apply to the abnormal However, the subject whose renal 
function is not impaired usually shows a fixation of specific gravity 
at a high level, while with an impairment of renal function this 
manifests itself at a much lower point (Table 16) It must be borne 
in mind that cases of passive congestion of the kidneys and cases of 
oliguria in either acute or chronic nephritis may all have a tendency 
to fix then specific gravity at about 1 020 That a low, fixed specific 
gravity does not admit of one interpretation but must be closely cor- 
1 elated with the clinical findings, may be readily gathered from 
Table 16 It is obvious that this symptom has an entirely different 
significance in chronic nephritis with a low phenolsulphonephthalem 
output than it has in acute nephritis or cystitis when the phenolsul- 
phonephthalein excretion is normal or iieaily so 

The marked variations that occurred in some of the cases may be 
laigely explained, as -were the differences in maximal specific gravity 
readings on the low and high diets, by sudden or more gradual changes 
in the response of the kidney to edema Tables 12, 13 and 14, and 
Charts 5 and 6 illustrate this very well 

It may be concluded, therefore, that the degree of variation of 
specific giavity in test meals for renal function is not very different, 
whether high or loi\ diets be employed 

SUMMARY 

Specimens of urine were collected at two-hourly intervals during 
the day and for a twelve-hour period at night m a considerable num- 
ber of normal subjects Various diets were employed while these 
tests were earned out It appears that certain characteristics, as 
indicated by the specific gravity of all the specimens and the volume of 
the night urine, are present regardless of the diet These are , sum- 
marized in Tables 5 and 7, and they may be regarded as the normal 
standards by which to judge similar tests in abnormal individuals 
A normal individual will void very varying two-hourly specimens, 
exen though the intake of food and flmd is lestncted to constant 



TABLE 16 — CoMPAUisox or THr Degrees of Variation or Secific Gravity on 
THE High and Low Diets in Abnormal Persons 


Diagnosis 


Chronic nephritis 


Number 
of Oases 
vith a 
Variation 
of 0 
Degrees 
or More 
on Both 
Tests 


17 


Aeute nephritis 


Essential hypertension 


Polscvstlckidncjs 
Cystitis and pyelitis 

Cardiac disease 

Vnemia 

Hyperthyroidism 

Spinal cord lesion and 
bladder paralj sis 

No renal lesion 


Oases awth a Variation of Less 
than 9 in One Test Only 


Degrees 

Variation 

Specific 

Gravity* 


Low 

Diet 


S 

12 

10 

10 

13 

10 

7 

9 


High 

Diet 


10 

7 

3 
7 
6 

4 

14 

6 


6 

13 

4 


8 

9 

9 

IS 

13 

10 

8 

12 

6 


17 

17 

1 


IS 

e 


13 

8 

15 


12 

5 
7 

6 

7 

8 

15 

5 

11 


8 

14 


7 

11 


Maximal 
Specific 
Gravity 
of Test 
Showing 
Least 
Variation 


29 

15 

09 

IG 

15 

18 

20 

18 


17 

16 

14 


14 

24 
18 
20 

15 
14 
18 

25 
19 


33 

15 

28 


17 

24 


Phenol 
sulphone- 
phthalein 
Per Cent 
in T« o 
Hours 


53 

4G 

46 

45 

44 

39 

35 

30 


72 

64 

50 


81 

78 

CS 

65 

59 

67 

55 

52 

61 


65 


75 

58 


Oases with a Variation of Less 
than 9 in Both Tests 


Degrees 

Variation 

Speeific 

Gravity! 


Low 

Diet 


8 

5 

5 

5 

7 

6 

8 
4 
2 
8 

3 

4 
2 
2 
6 

5 

6 
4 
4 

4 

5 
2 
2 
t 

6 
2 
2 
3 
y 
2 
5 
i 


2 

() 

7 

8 

4 

4 


High 

Diet 


3 

7 

8 

1 

4 
7 
9 
3 
3 
2 
2 
3 
7 
3 
7 

7 

5 
2 
5 
2 
1 

3 

4 
3 
1 
1 
0 

3 
0 
1 
1 

4 
1 

2 

8 
2 

5 

6 
3 

5 
2 

3 

0 

7 

6 
5 

4 
2 


1 

6 

6 

7 

3 

7 




Maximal 
Specific 
Gravity 
of Test 
Shoving 
Least 
Variation 


12 

22 

10 

11 

13 
20 

19 
11 

09 
16 

14 
16 

20 

15 
12 
17 
22 
12 
19 
11 

10 
10 
14 

16 
11 
11 

09 

10 
08 
08 
14 
12 
11 

09 

14 
13 
16 
16 
16 

15 
15 
13 

17 

10 
13 
20 
24 
29 


10 

11 

09 

21 

19 

12 

17 

12 


Phenol 
sulphone 
phthalein 
Per Cent 
in Two 
Hours 


58 

47 

40 

40 

39 

38 

87 

36 

35 

35 

32 

31 

31 

30 

30 

29 

25 

21 

21 

20 

20 

16 

16 

12 

10 

10 

8 

5 

5 

5 

5 

0 

0 

61 

60 

54 

63 

60 

40 

35 

35 

24 

79 

67 

60 

65 

54 

54 


60 

57 

40 

31 

73 


is loss than 9 

there vas a marked difference (more 
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quantities of water taken at two-hourly intervals Under these cir- 
cumstances there are periods of polyuria with a rather low specific 
gravity, alternating with oliguria and a higher specific gravity This 
phenomenon may prove to be a criterion of the amount of fluid 
necessary to carry on the vital activities of the body If only small 
amounts are taken, the urine output is low, consta'nt from one two- 
hour period to the next, and the specific gravity becomes fixed at 
a fawly high level 

Comparatn e tests on fairly high and low protein diets were carried 
out in a senes of patients afflicted Avith various diseases that are 
known to impair renal function It was found that in the main the 
results agreed regardless of the diet Nocturnal polyuria was more 
frequent on the high than on the low diet This was evidently due 
to an eftort on the part of the kidney to eliminate solids by means of 
polyuria when an adequate concentration of solids was no longer 
possible Nocturnal polyuria, when occurring with a low protein diet, 
must therefore be regarded as a much graver sign of renal insufficiency 
than when it occurs with a high protein intake 

Marked variations in the results were brought about by the elim- 
ination of edema When edema is present, the change from oliguria 
to polyuria may come about with extreme rapidity and influence the 
interpretation of renal function, if judged by the urine alone and not 
by the clinical aspects of the case as well In every instance, as has 
been previously accentuated, the urinary findings must be correlated 
with the character of the diseased processes giving rise to the changes 
in the kidneys, in order that the exact significance of this test for 
renal function may be appreciated 
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TACHYCARDIA OF UNKNOWN ORIGIN - 
THEODORE B BARRIXGER, Jr, MD 

KENV YORK 

Among the draft registrants examined during the spring of 1918 
by the New York Hospital medical advisory boards there were 141 
men with organic heart disease and ninety-three with what we will 
describe briefly as “tachycardias of unknown origin Further scru- 
tiny of this latter group would probably have shown that a small 
number were early cases of Graves’ disease (exophthalmic goiter) or 
tuberculosis, and that alcohol was the cause of the rapid heart rate in 
another small group A surprisingly large proportion of the men 
suffering from circulatory disease, however, would be found in this 
group of what we have termed, for want of a better name, “tachy- 
cardias of unknown origin ” 

Fourteen of these men were examined a number of times, their 
histones being taken carefully and their circulatory reactions to 
graduated work being determined on at least three occasions Chief 
importance will be attached to our objective findings, for many of 
these men either believed that they were not physically fitted for army 
service or wished to avoid such service, which did not tend to increase 
the reliability 'of their histones Our experiments with graduated 
work led us to classify our fourteen cases into two groups — a severe 
type and a mild type The reasons for this classification will be given 
later 

rA:MILY HISTORIES 

Six of our patients gave a history of neurotic taint in the family 

S R, aged 21, severe type of case, mother hysterical, father of 
violent temper , one sister nerrous , one brother has pulmonary tuber- 
culosis 

S' B , aged 23 , severe type of case , mother died of melancholia , 
one sister has melancholia 

C G , aged 22, moderate t}^pe of case, mother epileptic 

F S , aged 28, mild type of case, mother has melancholia, “nerv- 
ous prostration” and pulmonary tuberculosis 

^ F , aged 22 , mild type of case , mother has ‘^^nervous prostra- 
tion” and hysterical attacks 

S' F , aged 22 , mild case , father’s father insane , mother is nervous 
and has rapid heart action 


♦Submitted for publication June 19, 1918 
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HISTORY or INFECTION 

In no one of our five severe cases had the patient evei had acute 
articular i heuniatism , one had had scarlet fevei and another diph- 
theria 

The patients in nine mild oi model ate cases gave no history of 
acute articular rheumatism, two had had scarlet fever ahd one had 
had three attacks of pneumonia 

NATURE AND TIME OF ONSET OF SYMPTOMS 

Seveie Type of Case — P P , for eight yeais has had pain around 
the heart, exhaustion and shortness of bieath aftei exercise 

5 “ R , when a small boy couldn't play with other boys on account 
of shortness of breath For five years he has suffered fiom palpitation 
and pain around the heait folloiving exercise 

S B , for three 3 '^ears has had palpitation and breathlessness after 
exercising 

P R , when a child could not run on account of shortness of breath 
and cardiac pain These symptoms, evoked by exercise, have persisted 
A V , when a small boy had to stop running before his comrades 
did on account of shortness of breath Has had rapid heait action for 
the past foul teen years 

Mild Type of Case — Two of these nine mild cases gave histones 
of breathlessness on exertion beginning in childhood One of these 
histones was probably false The other seven men complained of 
breathlessness on exertion and palpitation or rapid heart action begin- 
ning from one to six years previously 

One man (S F ) occasionally had a stinging pain over the heait 
after exercise and another (K X ) complained of substernal pain 
after exercise ' 

Nine men said that they disliked whisky, one saying that it made 
his heart beat more rapidly and caused a choking sensation 

The physical examination of the circulatory systems was normal in 
all these cases Occasionally a functional systolic murmur was heard 
over one of the valvular orifices The lungs were negative and theie 
was no evidence of exophthalmic goiter 

METHOD OF EXAMINATION 

Each man rested sitting on a chair until the pulse rate became 
constant Work was furnished by swinging dumb-bells weighing 10, 
20 or 25 pounds The same rhythm was maintained in swinging the 
bells and work vas augmented by increasing the number of swings 
Between the exercises the subiects rested for five or ten minutes 
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From three to six groups of exercises were gl^en on each day the 
patient was examined The men were seen from three to twelve times, 
se\ eral days or a \veek intervening between the ^ isits 

The pulse was counted in a number of instances immediately after 
w ork for fifteen seconds, and in all cases, after 1 10 seconds had elapsed, 
for twenty seconds Thereby the rates immediately after work and 
at the end of 120 seconds w^ere computed 

The blood pressures were read by the same observer by ausculta- 
tion, using a Riva-Rocci type of sph)’-gmomanometer The frequent 
method^ of observation was used in every experiment, and the infre- 
quent method^ in many instances 

REACTIONS TO EXERCISE, CIRCULATORY AND OTHERW'^ISE 

Sevoe Type — There was a small group of men w'ho responded to 
exercise m a w^aj^ quite different from normal individuals In the first 
place they were able to do much less work than normal men Their 
upper limit of work varied betw^een 1,600 and 4,500 foot-pounds per- 
formed m the manner previously described, w'hereas the normal upper 
limit at 20 to 30 years of age w'e have found to be betw'^een 6,000 and 
12,000 foot-pounds Again, w^hen they reached the comparatively low 
limits of their efforts they became dyspneic, exhausted and m three 
instances complained of precordial pain When a normal person 
reaches his limit of wmrk his dyspnea ma)^^ be quite as marked, but his 
fatigue IS rarely as pronounced and persistent as in these cases The 
precordial pain is also a symptom rarely found in normal persons 

The facial expression of these persons wdien they had finished the 
heaviest work was anxious and indicated unmistakeably the distress 
they felt The precordial pain was referred to the region below^ the 
left nipple and was accompanied by tenderness on pressure cf the 
underlying intercostal muscles 

The production by relatively small amounts of work of the syn- 
drome of symptoms just described is, w^e believe, of more value in 
determining the seventy of the case than are the pulse rate and blood 
pressure reactions This has, accordingly, been our chief guide in 
classifying our cases 

The reactions of the pulse rate are summarized for both severe 
and mild cases in Table 1 and those of the systolic blood pressure in 
Table 2 In Table 1 the expression “overtaxed” signifies that the 
person suffered from marked dyspnea, fatigue or exhaustion and. in 
severe cases, from precordial pain 

The pulse rates of the severe type of cases were all higher than 
normal and all showed greater increases immediate!}* after w'ork than 


1 Barringer. T B Jr Am Jour Med Sc, 1918, 155, 864 
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TABLE 1— Rfactions or Puise Rate to Graduated Work in 
Cases or Tachycardia 


Name 

and 

Ago 

Tvpo 

of 

Case 

Work in 

Foot Pounds 

1 

Before 

Work 

?ulsc Bate 

After Work 

Eeturn 

to 

Normal 

in 

Sec 

Eemurks 

Immedi 

ately 

At 120 
Sec 

P P 

22 

Set cro 

1,G00 

(10 s 20) 2,100 

1,200 

1,800 

(10 S 25) 3,000 

1,200 

1,800 

3,000 

(10 S 30) 3,000 

104 

lOO 

110 

114 

112 

92 

92 

92 

92 

144 

144 

132 

130 

no 

no 

114 

124 

lOS 

108 

99 

108 

112 

180 

160 

120 

180 

120 

ISO 

ISO 

ISO 

ISO 

Overtaxed* 

Overtaxed 

Overtaxed 

Overtaxed 

Overtaxed 

j 

S E 

Severe 

2,000 

130 

142 

lOS 



21 


3,000 

122 

141 

128 





(20 S 20) 4,000 

112 

160 

120 

180 

Overtaxed 



2,000 

112 


140 

180 




2,300 

118 


120 

180 




3,000 

112 


132 

240 

Overtaxed 



2,100 

102 


108 

t 




3,000 

101 


118 

1 ISO 




(20 s 20) 4,000 

100 

1 

114 

1 

ISO 1 

1 

Overtaxed 

P E 

Sot ere 

2,000 

95 


92 



23 


(20 s 15) 3,000 

90 1 


112 

180 

Oxertaxed 



2,000 

80 


100 

180 



i 

3,000 

80 


102 

180 

Otertaxed 

S B 

Sot ere 

2,300 

124 

148 

128 



23 I 


3,400 

128 

180 

132 


Overtaxed 



2,300 

130 

148 

130 





3,400 

130 

150 

ISO 


Overtaxed 



2,300 

88 


120 

240 




8,400 

92 


no 

420 

Overtaxed 



(20 s 20) 4,000 

88 


lOi 

300 

Overtaxed 

A V 

Severe 

2,300 

92 

120 

104 

180 




3,400 

90 

130 

100 


Overtaxed 



(20 s 20) 4,000 

90 

100 

112 

240 

Overtaxed 



2,300 

92 

182 

02 





3,400 

90 

100 

no 

240 

Overtaxed 



4,500 

100 


105 





0,800 

108 


114 





7,700 

100 


117 

180 

Overtaxed 



0,000 

100 


108 





7,000 

100 


108 





(25 s 35) 0,200 

102 


100 


Overtaxed 



0,000 

90 


108 





7,900 

104 


117 

ISO 

Overtaxed 



9,200 

102 


112 

180 

Overtaxed 

K X 

Moderate 

3,700 

124 


120 



27 


5 000 

124 


130 

240 

Overtaxed 



(25 S 20) 5,500 

128 


120 


Overtaxed 



4000 

110 


124 

420 




5,200 

128 


130 

200 

Overtaxed 



(25 s 25) 7,000 

120 


130 

240 

Overtaxed 


* “Overtaxed” signifiOT that patient sulTcred from dyspnea, fatigue or exlntistion and in 
some cases, precordial pain '<iOs 20 ” signifies a lOpound bell swung tuenty ttacs ’ 
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TABLE 1— Reactions or Pulse Rate to Graduated Work in 
Cases of Tachycardia — {ConUnucd) 


1 

« 



Pulse Rate 

! 

< 

Return 

! 

Name > 

Type 





to 







and 1 

of 

Case 

Work m 


After "Work | 

Normal 

Remarks 

Age 

Foot Pounds 

Before 





Iramcdi- 

At 120 1 

Sec 



Work 

1 




ately 

Sec 



1 

C G 1 

moderate 

3,100 

90 


1 100 

1 ! 

I i 


22 1 


(20 s 20) 1,000 

90 


1 102 


1 

! 


3,100 

100 


1 100 





4,000 

92 


118 

1 180 


1 

> 

I 


(20 s 25) 5,000 

ES 


1 96 

! 

• 

Overtaxed 

$ 

1 

P R ' 

IdiJd 

0,000 

104 

^ ICO 

114 

ISO 


23 t 


7,000 

104 


1 120 

240 

Ot ertaxed 



8,000 

104 

i 

140 

240 

Overtaxed 

1 


2,100 

112 

! 148 j 

120 

180 




5,100 

116 

160 

128 

‘ COO 


i 

j 


5|o00 

112 

100 1 

124 

300 

Overtaxed 



0.000 

i Si 

1 

1 

105 

180 




9,000 

100 


120 

ISO 

[ 



10,000 

104 



300 

j SI overtaxed 



0,000 

90 


' 120 

300 




7,500 

104 


124 

240 




9,000 

lOS 

J 

1 

‘ ICO 

COO 

j Overtaxed 

1 

IV R 

Mild 

3,000 

112 

1 

148 

120 

160 

1 

25 


1 5,400 

116 


lie 


1 


6,700 

112 

i 

I 1S2 

240 

1 Overtaxed 



7,000 

112 j 


136 

240 

j Overtaxed 

i 


5,400 

100 

1 

! 129 

2S0 

1 

1 

i 

6,700 

100 


I 140 

240 




7,000 

100 

i 

1 

132 

420 

1 Overtaxed 

S P 

1 

‘ Mild 

5,100 

1 

1 

76 1 

1 

1 

88 

240 


22 

1 

7,700 

90 1 

i 

100 

ISO 

Overtaxed 



5.100 

6.100 

* 

&4 ' 


105 

300 

SI overtaxed 



1?2 

! 


102 

ISO 

Overtaxed 

A S 

1 Mild 

C,3C0 

88 


92 


I 

22 

f 

9,400 

92 

152 

120 

ISO 



1 

j 

10,600 

100 


132 

300 

Overtaxed 



0,300 

104 


129 

300 




9,400 

100 


135 ; 

SCO 


j 


11,000 

112 

( 

135 i 

240 

Overtaxed 

P M ^ 
23 

Mild 

4,700 

5.300 

9.300 

92 

90 

83 

112 

112 

135 

96 ' 

108 j 
104 

180 

240 

Overtaxed 

Overtaxed 



5.300 

9.300 

88 

92 1 

120 

144 

83 

104 

180 

Overtaxed 

Overtaxed 

L H 

22 

Mild 

2,400 

1 

! 

96 ■ 

136 

104 




3»tjf00 

4,soa 

92 i 
92 1 

140 1 

160 i 

120 

180 

I SI overtaxed 



124 

240 

j Overtaxed 



3,500 

100 

120 j 

104 





4,500 

108 

144 1 

112 







lOS 

1 

156 

120 

180 

Overtaxed 
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TABLE 2 — Reactions of Systolic Blood Pressure to Graduated 
Work in Cases of Tachycardia 





SjEtolIc Blood Pressure 


Name 

Type 

Work in 


After Work 

Bern arks 


of 


First 

Maxi 


4ge 

Case 

Foot Pounds 

Before 

Delayed 


Work 

Bead 

mum 





ing 

Bead- 

Bise 






ing 



P P 

Severe 

1,200 

122 

136 

146 

No 

Dyspnea, fatigue, pain 

22 

1,600 

lOS 

128 

136 

No 


2,400 

116 

126 

136 

No 

Dyspnea marked, exhaus 






tion, pain 



1,600 

122 

122 

142 

No 

Dyspnea marked, exliaus 



(10 s 20) 2,100 

114 

122 

134 

No 







tion, pain 



1,200 

110 

130 

134 

No 




1,600 

112 

126 

136 

No 

Dvspnea marked, exhaus 



(10 E 25) 3,000 

114 

130 

130 

No 





1 


tion, pain 

S R 

Severe 

2 000 

130 

126 

140 

No 

Dyspnea and fatigue 

21 


3,000 

122 

118 

1S2 1 

No 



(20 = 20) 4,000 

124 

116 

130 1 

No 

Dyspnea, fatigue, pain 



1 GOO 

126 

114 

142 

No 




2,000 

136 

126 

140 

No 

Dyspnea, fatigue 

1 

2,400 

126 

124 

126 


Dyspnea marked, exhaus 






tion, pain 

1 

2,100 

110 

112 

126 

No 


' 

3 000 

112 

112 

124 

No 

Dyspnea marked, fatigue 



(20 S 20) 4,000 

110 

106 

114 

No 







pain 

P R 

Severe 

2,000 * 

144 

146 

156 

No 


23 


(20 S 15) 3,000 

142 

142 

152 

No 

Dyspnea, fatigue, pain. 







palpitation 



2,000 

140 

144 

152 

No 




3,000 

134 

138 

152 

No 

Dyspnea marked, fatigue, 
pain 

S B 

Severe 

2 300 

122 

132 

156 

No 


23 


3 400 

120 

130 

148 

Tes 

Dyspnea, fatigue 



2,300 

ISO 

142 

162 

No 




3 400 

ISO 

138 

160 

Yes 

Dyspnea, fatigue 



(20 E 20) 4,600 

122 

128 

154 

Tes 

Dyspnea marked, exhaus 








tion 

4 V 

Serere 

2 300 

124 

144 

144 

No 


28 


3,400 

122 

134 

134 

Iso 

Marked dyspnea and fa 








tigue 



(20S 20) 4,500 

116 

134 

134 

No 

Marked dyspnea, exhaus 








tion 



2,300 

116 

142 

142 

No 




3,400 

120 

136 

142 

Tes 

Marked dyspnea and fa 








tigue 



2 300 

118 

144 

144 

No 




3,400 

114 

140 

152 

Tes 

Marked dyspnea and fa 








tigue 



4 600 

112 

124 

140 

No 

6 wks since 1st observa- 



6S00 





tion, daily exercise since 



106 

112 

142 

No 

Dyspnea and fatigue 



7 800 

102 

118 

136 

No 

Dyspnea marked, exhaus 








tion 



6 600 

106 

118 

140 

No 




7,«00 

106 

124 

134 

Ko 

2 mos since 1st observa 



9 200 

102 

122 



tion daily exercise since 



133 

No 

Dyspnea marked fatigue 

E X 

31 Oder 

3 700 

152 

156 

178 

No 


27 

ate 

5 000 

146 

154 

168 

No 




(25 s 20) 5 500 

156 

152 

156 

No 

Dyspnea marked, fatigue 



4 000 

148 

166 

108 

No 

pain 



5 200 

149 

160 

168 

No 




(25 s 25) 7 000 

142 

154 

160 

No 

Dyspnea marked exhaus 




1 




tion pain 


• “10 s 20 ' Eigniflcs a 10 pound bell swung 20 times 
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TABLE 2 —Reactions or Systolic Blood Pressure to Graduated Work 
IN Cases or Tachycardia — {Continued) 



i 

j 


Si Btollc Eiood Pressure 


Name 

and 

Tjpe 1 

Of ! 

Work in 


After Work 

i Remarks 

Bclore 

rirst 

j Maxi- 

Del lyed 

Age 

Ca=c 

Toot Pounds 



Work 

Read 

1 mum 






Ing 

Read- 

Rise 






Ing 



C G 

Jlodcr 

3,100 

130 

131 

358 1 

No 


22 


1,000 

122 

1 128 

160 j 

No 



(20 a 25) 5,000 

122 

138 

102 

No 

Marked dyspnea and ex 


‘ 



1 


hau«llon 

A S 

Mild ! 

0,300 

' 121 

150 i 

1 170 i 

No 


22 

' 

9,400 

121 

141 1 

1 158 1 

No 



1 

10,000 

j 122 

130 1 

1 150 

No 

Dyopnea and fatigue 



0,300 

132 

ICO ' 

' 182 j 

No 




9,400 

t 134 

104 1 

170 

No ^ 



i 1 

11,000 

134 

t 

152 

! 

i. 102 

No 

Dyopnea marked, f itigue 

S P 

Mild ' 

5,000 

120 

■ 141 ! 

I 172 ; 

1 

1 No 


22 


0,700 

122 

112 

1 102 ! 

1 No 

1 

Dyspnea marked and fi 
tlguc 


1 

5100 

140 

158 

178 

No i 


) 

7,700 

131 

151 

180 

No i 

Dyspnea marked, exlmut 







1 

1 tion 



3,100 

134 

132 

170 

No 

Dyspnea marked and fa 

1 


1 

0,100 j 

132 



1 

* 

t tlguc 

1 

1 


l‘J8 

174 

No 

1 

j Dyspnea marked and fa 

1 tlguc 

W R 

jriid 

3,090 ' 

148 

ICO 

1 

182 

1 

No i 


25 


5,400 

148 

104 

182 

Tes i 




0,700 

140 

103 

182 

Yes 

Dyspnea, fatigue, palpl 
tutlon 

Dyspnea, exiiaustlon, pal 



7,000 1 

[ 140 

174 

180 

No i 


1 






pltatlon 



! 5,400 

' 140 ' 

, 17C * 

172 

No 




! 0,700 

ISO 

1 148 

178 

No 




1 7,000 

j 

1 152 , 

[ 1 

182 

No 

Dyspnea, fatigue, palpi 
tallon 

P R 

) 

Mild 

7,000 

148 

158 

1 

1 176 

1 

Yes 


22 


8,700 

142 

144 

1 158 

' Yes 

Dyspnea and fatigue 


» 

lOjUOO 

138 

144 

1 150 

No i 

Dyspnea marked and fa 
tlguc 



0,000 

148 

154 

162 

No 



7,500 

140 

151 

162 

No 



I 

9,000 

IIG 

140 

, 152 

K. , 

Dyspnea and fatigue 

E D L 

Mild 

5,^00 

114 

120 ! 

132 

No ! 


2C 


i 0,000 

‘ m 

[ 

110 , 

124 

No j 

Dyspnea, fatigue 



7,000 

108 

120 

128 

No j 




9,000 

104 

100 

122 

No 

Dyspnea, fatigue 



9(i>CH) 

110 , 

1.. . . 

100 

319 

No 

Dyspnea marked, fatigue 

P H 
23 

Mild 

4,700 

128 

180 ‘ 

142 i 

No 


i 

0,900 

128 

142 

153 

No 




9,300 

128 

138 

150 j 

Yes 

Dyspnea marked, fatigue, 


( 

4,700 

130 

142 

100 

No 

vertigo 



0,900 

132 

144 

160 




9,300 

no 

132 

158 

Yes 

Dj apnea marked, fatigue 

1 

L H 
22 

< Mild 

5,300 

142 

152 

172 

No 



0,fxK> 

140 

150 

170 

No 



1 

7,000 

134 

150 

m 

i 

Yes 

I Dy'^pnea and exhaustion 



812 


T B BARRINGER, JR 


ARCH n 


do noiinal men after the same quantities of work ^ The pulse late 
failed to return to normal inside of 120 seconds in sixteen instances 
when the heart was overtaxed , five times it returned to normal inside 
of 120 seconds, although the heart was evidently overtaxed , on nine 
occasions it failed to return to normal inside of 120 seconds, although 
the heart was not overtaxed 

The curve of the systolic blood pressuie showed several interesting 
anomalies when compared with the cuives of noimal individuals A 
dela}ed rise” in piessuie ("delayed summit,” Cotton, Rappoit and 
Lewis^) following heavy woik is an almost invariable finding in nor- 
mal persons In these persons, both of the severe and mild types, it 
IS seldom found, and when piesent does not persist as in normal people 



Chart 1 — Blood pressure curves (“diminuendo” type) following increasing 
amounts of work in S R , a severe form of case 

The great majority of these patients, both severe and mild, also 
show blood pressure curves following increasing amounts of woik of 
what may be called a "diminuendo” type The curves, instead of 
mounting higher and higher as they do in normal persons aftei 
increasing quantities of work, fall lower and lower The smallest 
amount of work was followed by the highest curve and the greatest 
amount by the lowest curve Charts 1 and 2 exemplify these pecu- r 
harities We have observed this type of cuive occasionally in cases 
of cardiac insufficiency after increasing amounts of work 

The various reactions to work which we have described make it 
eiident that, whatever the underlying cause of the circulatory condi- 
tion in this small group of men may be, the heart’s reserve power in 
each one was decreased ' 

One man (A V ) was given daily graduated exercises with dumb- 
bells and the excellent effect on the cardiac reserve power may be 
seen m Table 2 

These severe cases resemble closely those described by Lewis and 
his associates as suffering fiom “disordered action of the heart” 


2 Cotton, Rapport and Lewis Heart, 1917, 6, 269 
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MM Type— -There were nine patients who were placed m this 
class chiefly because of their ability to perform amounts of work 
approximately normal without evidencing the symptoms of distress 
exhibited by the former group Several of these mild cases (K X 
and C C ) were on the borderland between severe and mild, one of 
the patients having precordial pain after fairty heavy amounts of work 
The pulse rates were all above normal Immediately after work 
they were occasionally higher than those of normal men after similar 
quantities of work , nineteen times when the heart was evidently over- 
taxed the pulse rate failed to return to normal inside of 120 seconds ; 
three times the pulse rate did return to normal inside of 120 seconds, 
although the heart was overtaxed, sixteen times the pulse rate failed 
to return to normal inside of two minutes, although the work had not 
overtaxed the heart 



Chart 2 — Blood pressure curves (“diminuendo” tjpc) following increasing 
amounts of work in K. X , a case of moderate seventy 


The curve of the systolic blood pressure showed more frequently 
a “delayed rise" after heavy ivork than did the preceding group of 
severe types, but it was quite inconstant 

The curv^es of the pressure following increasing amounts of work 
frequently showed the “diminuendo" type referred to above 

In these mild types of cases the patients were apparently able to 
do, without undue distress, about as much work as normal men The 
only variations from normal which they showed were the tachycardia, 
the infrequent presence of a delayed rise in the systolic blood pressure 
curve, and the frequent presence of a “diminuendo" type of curve 

SUMMARY 

The reactions to work of fourteen men with tachycardia, between ' 
the ages of 21 and 30, were observed on a number of occasions 
Five men were classified as belonging to a severe type, chiefly 
because of their inability to perform amounts of work which normal 
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men are capable of and because the peiformance of comparatively 
small amounts of work was accompanied by signs of distress — 
dyspnea, exhaustion or precordial pain 

Reaction of the pulse rates and systolic blood pressure curve to 
graduated work and their deviations fiom normal have been described 
2f West Eightv-Fourth Street 
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THE EFFECT OF THYMUS GLAND INJECTION ON I HE 
GROWTH AND BEHAVIOR OF THE 
GUINEA-PIG 

AN EXPERIMENTAL INVESTIGATION ^ 

D M OLKON, MD 

CHICAGO 

The functions of the endocime organs have been investigated, for 
the most part, by three methods, namely, by extirpation of the gland, 
by feeding normal animals the dried gland or its extracts, and, finally, 
by the injection into the blood stieam or the peritoneal cavity of solu- 
tions prepared from the organs Morphologic studies of these tissues, 
directed mainly towards discovering evidence of secretoiy activity, 
have yielded confirmatory lesults in some cases, although it must be 
admitted that the chief effects of these organs are physiologic in 
nature, affecting metabolism and function in certain ways Gradually 
our knowledge of the specific activities of the thyroid gland, the 
adrenals and the hypophysis, has been becoming exact and definite 
The status of our knowledge of the endocrine functions of certain 
other structures such as the testes, ovary and corpus luteum is not so 
satisfactory We are far from possessing any certain conclusive 
information with regard to the specific hormones of these organs The 
thymus gland is likewise a teri’a incognita in spite of the numerous 
studies which have been made of it during the past few years In the 
hope of adding something to our knoAvledge of this oigan, the experi- 
ments Avhich form the body of this paper weie undertaken 

A review of the literature, a summary of which is given latei m 
this aiticle, shows that the results of previous investigations are far 
from concordant and mutually confiimatoiy Many of the dis- 
crepancies are doubtless due to the fact that many different species of 
animals, standing fai apart in the animal scale, have been used for 
thymus gland experiments Thus, in the feeding experiments, Abder- 
halden and Bartlemez used frogs, Gudernatsch used tadpoles, Hoskins 
albino rats, Klose and Vogt dogs, Paton guinea-pigs But even where 
the animals were closely related, the results of much of this work are 
directly contradictory Hewer found that thymus gland feeding 
retarded the development of the testes of young white rats and also 

=*■ Submitted for publication Aug 31, 1918 

* From the Psychopathic Laboratory of the University of Chicago, under the 
direction of Dr H C Stevens 
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TABLE 1 — ^Tabular Review of the Literature The Results or 
Extirpation Experiments 


Autlior 

Publication 3 

late 

Animal 

Used 

Results 

1 

Abelous and Billtrd 

Arch de 
pbysiol 

1896 

Rabbits, ( 
frogs 

Great muscular wcabness Death 
in three to fourteen days in 
frogs In rabbits there ■ncro 
symptoms of intoMcation fol 
lowed by stupor 

2 





Pogs 

Softening of the bones nith in- 
creased excretion of calcium 
salts Practurcs tended to heal 
badly, and nith less callus, the 
bones tended to bend 

3 

B isch, K 


Jahrb f 
Hinderli 

1906 

Puppies 

Muscular wcabness and a dimi 
nution of intelligence The pup 
pies became sluggish and lost in 
■Height, finally they became very 
stupid 

4 

Basch, K 


Ibid 

1908 

Pogs 

Bones became soft The excita- 
bility of the peripheral nenous 
system y\as markedly increased, 
muscular tremor very pro 
nounced The animals lost in 
yi eight, although they continued 
to eat enormously They finally 
died 

5 

Biedl, \ 


Wien Klin 

1903 

Hens 

Weakness of the legs, tremor of 
the entire body, and finally 
death 

0 

Bitdl 4 


Ibid 

1903 

Birds 

No observable symptoms 

7 

Brocci, C 


Rev di clin 
pediat 

1905 

Babbits 

Reduction of calcium in the bones 

s 

Colzolan, A. 


Arch ital 
di biol 

1898 

Babbits 

Castration increased the weight 
of the thymus gland 

9 

Pischl, Z 


Ztschr f 
Evper Path 
u Therap 

1 1905 

Babbits, 

goats, 

dogs 

Negatne symptoms 

10 

Ghiba, 0 


These de 
Pans 

1901 

Guinea pigs, 
rabbits 

Castration caused persistent 
growth of the body, and re- 
tarded atrophy of the thymus 
gland 

11 

Goodall and 

Baton 

Jour Physiol 

1904 

Guinea-pigs 

There was a diminution of the 
number of leukocytes, but no 
apparent change in the rate of 
groyvtb of the animal 

12 

Gebele and Miss Hewer 

Ztschr f 
e\per Path 

1910 

Pogs 

Muscular weakness No other 
changes 

14 

Henderson, 

J 

Jour Physiol 

1904 

Babbits, 
guinea pigs, 
bulls, 
heifers 

Castration m guinea pigs, rab 
bits, and cattle caused a per- 
sistent growth and a retarded 
atrophy of the thymus gland 
In bulls and unspayed heifers 
normal atrophy of the thymus 
Has greatly accelerated 

15 

i Hammar, J A 

Arch f d 
ges Bhvsiol 

1907 

Progs 

No symptoms 

10 H^^t ^nd 

Nordman 

Berl Llin 
Wchnschr 

1910 

Dogs 

Muscular weakness No other 
death 

17 KJoss and Yost 

Centrabl f 
Med u Chir 

1909 

' Dogs 

Muscular -weakness Death even 
tually occurred from its removal 

19 Baton, D 

Noel 

Jour Physio! 

1 190a 

1 Guinea pigs 

Castration before sexual matu- 
rity was followed by an increase 
in size of the thymus, and in 
volution of the gland was re 
tarded 



hCEMBBR, im 


bh'h'm'T Oh Tuv^tos <nv oKoirru 


v'U/' 


TABLl'' 1. InWmkw or tur \.u'M'v.vun5r, 

1 ''vmO'vnoN I'AmoMUN’t". ({'tuih'tito'in 


I'ur Kv'Wu.h'u or 


WiOiol 

VublU’tiUou 

Unto 

Anlnint 

Urn'll 

"0 VtvfwU, U, Xoi’l 

iUiuu riiviilol. 

itnih 

diilnou iilnn 

"U Kill! 1 mill M'mulli'i' 

W Ion, rtlH. 
t\oUniiot«'. 

tIHII) 

Uoiui 

nnO VIoU'Kou 

Mini don. HI 
NYni Si. 

IIHW 

UO{!ll 

Olltil 

"il Soil, U. 

eionno Mi'll. 

UH\. 

llonn, 

miiioiiti 

'1 'I'tmiU null t.o Moiuimi 

Hull, m'cnd 
iiiml, (11 Itotiiit 

IMS 

Uoi'it 

I’r. Vlnm'iit, H 

.(oiii v\unl. 
(lint einniol. 

iinin 

l''ii)|;ii 

"(1, Vlimmil, H 

I'lOC. I’llV, 

hiott, .loin' 
I’llMlIOl, 

1110 1 

Oiilimii |il|'ii 








'I'lio vnmoviil (if llm tlu'imiti luu'i' 
itim It) n riDio rnritl n'‘‘OvU\ t't 
U»' O'nO'ii, OUi »«> »' 

lUu'uco m dll' (soiu'i'iil }!UO\in rf 
dm niiltiiiil 

l>’,»U\('ludO», M'lu' lUIUt'M l\0('UU\O 
(ihfl iiuti Imut tmtdly 

Aiiliitiilii Mi'iii ill niiiiim 

tmtl I'twumy; dmU Uuti' lumuino 
minim', dmli' mmlM Kill), It, mill 
dit'lf ai'iit'i'iil lii'liiivtiir ndiiilil 

i.iilit t'mtn wldiimt nlu'lln. UO' 
iiuniil of dll' diviiiiiti inoiliii'ml 
II imliii'doii III dm wi'litlif of dm 
tmtdnli’M 

III oiili dm vmv Miiiiiit )>iiiiiilmi 
hml i<\dt|inliiiii aii\ rmmiin, 
'I'lmin Ill'll' ill dimm ntumii illii 
diilimmmi of titididoit, illtiilii 
ImIii'iI tiiiinmiiiii' iioiii'r, ill i Inn 
dull of dm iml IiIuimI mil liilimlmi 
mill of dm lmmo)'!olilii, 't'lm 
iilndnlimmmi lilMiitiimiumt iilmii 
dll' ifo|i|i I’li'iV olili'i 

No Imilllv I'liiiiiut'ii 


No iiviii|iloiiiM of mtv lilinl 


caused (Iq^cm'i.ilioii in the (esiea nf julull male rfit-., ildi.Mir; ffidinl 
that feeding alhino lata with Ihymua );laiid inodneed no eonfiladl elleel 
on the liody as a wliole or of any partietdar m'lpuiH, I'atnn, eni|)li)yin|' 
the .s.anie method with jdiine,i'j>i|',s, lepoited that the /'.rowlh of the 
{c.ste.s was nioie japlil. Mere, ui the altidy of one ajieeihe (juealiun, 
namely, liic inniuMue of the Ihynma };iand on the tenter., one I'eeeiver. 
tlnce diilcietil anaweis. 'i'he mellxid of exliipalion han not heen more 
sne<essfid iiian th.d of feedinj^. < )ne jeason ffir thi'i Ik"’, in ih«' ntriU’’ 
line of the (liyimis Kland, in eeilain form-! al lea.nl. In Ihe nninea- pi/p 
as I’.uk has teeentiy shown, aniall inar.ite". of tiiyinn'', ti'ifiiie are 
seatteied ahoni in llie neck adjfieeiil to (he main ;ieal of lliia pjand. 
Obviously, exliipalion, under iheae eondillons, ran never In* ('onijilele, 
i lie Iwo icsnlt.s width stand out mo.'d eonspienoii'ily in the esiirpalion 
expel imenls aic e)i;ni(^ea in <altiuin tnelaiiolinin and evidence of ,'i 
leeiinoeal lelation jielween Ihyinns foid le/iles, Willi the, inelhod of 
injetlion, inve.slipaloia have lieeii eoiuei'iied foi the moat part wflh 
the immediate u-Milta of the injeelion, 'I’hey iiporl a fall in blood 
jnessme, aeccleiation of pulse, dyspnea anti fliatibea. In no ease, 
however, have piolonj^ed studies been made by ibis method, If had 
seemed to us, Dterf-fore, that heeause of the jjosailiih’ly of iiieoniph'le 
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extirpation and because of the difficulty of causing certain species to 
feed on thymus gland, the injection method was the method of choice 
for an experimental attack on this problem By means of this method 
one can control absolutely the size and frequency of the dose 
Furthermore, we have chosen to determine the effect of this gland 
on the general metabolism of the guinea-pig as measured by growth 
of males A subsidiary problem, namely, the effect of thymus gland 
injections on the growth of young females, was also studied The 
latter results have some bearing on the question of the recipiocal 
relation between thymus and testes which appears as a result of 
castration 


1 \BLE 2 — Literature on the Results or Feeding Experiments 


Author 

Publication 

Date 

Anim il 
Used 

Ecsults 

1 Abderhaldcn, E 

Arch d gcs 
Phjsiol 

1915 

Progs 

Darlvcr shin, acrj actlic, re- 
tarded metamorphosis 

2 Bartelmez, B W 

An It Eecord 
(Proceedings) 

1915 

Ainbly 
stoma, 
Tigrinum 
Eana Oates 
binna 

In Eana it caused more rapid 
development Amblj stoma meta- 
morphosed noun illj, but sooner 

3 Gudcrnatsoh, J E 

Am Jour 
Anat 

1913 

Toads 

Stimulated bodj growth, but in 
hibitcd metamorphosis of limbs 
and tail, hence it has the power 
to suppress diiTcrentiation Thej 
vere lerj actitc in their more 
inonls as contrasted nith other 
feedings 

i GudcrnatscU, J F 

Arch £ 
EntwcUngs 
nitchn 

1912 

Tadpoles 

Thj nius feeding gave rise to dark 
colored sKin A good manj died 
carlj, presenting a “status thj 
micus ’’ Growth of bodj v as 
greatly increased 

S HosLins, E E 

Jour r xpcr 
Zool 

1910 

Albino rat 

The results perc negative, nith 
no m liked constant cllcct on 
the bodj ns a whole or on anj 
particular oigan Microscopic 
tv imin ition of the testes showed 
no degeneration The apparent 
decrease m the weight of the 
male spleen is doubtful 

G Hcver, E E 

Jour Phjsiol 

1910 

"White lit 

Retarded the development of the 
testes in the joung rats and 
caused degeneration of the tes 

7 Hewer, E E 


191G 

White rat 

tes in the adults 

Reduced the development of the 
testes in the young males 

S Klose and Vogt 

Khn u 

1910 

Pegs 

Produced diarrhea 


Tlnmusdrusc 




£> Paton, U N 

Jour Physiol 

1904 

Guino I pigs 

The growth of the testes was 
more rapid 

10 Romcls, B 

Arch f 
Entwctlngs 
mtclm 

1915 

Plots 

Increased bodj growth consider 
ably, but retarded motamorpbo 

BIS 

11 Salkind, J 

Arch d Zool 
cxper ct gtn 

1915 

Dogs 

stimulated general growth from 
a large amount of feeding of 
thymus gland 
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Oniruil CoiKhliow. of ihc J'.xN'umnit^ -Aiinomii j.uMhii.ilion 
IhviiHii. Ki.'iKl of llx* w.'ui tiwd 'I'lic povvrincd f/Jand wuu UiUu.iUd 

iiliynioIoKic Mill (.ohilion nnlil a iimfoiiu Mi'i)nn-iion wa-i ohlaiiKd. i lx 
iiiiliii (loiK wa,> I (pain of llx* diicd nland foi ff)iii wxchi. i lx* doiia^c wa'i 
lucH-awd half a ipain xvciy Iwo waflo. foj (. 1 / wxdoi, U wa'i Ixn iix'u*a!,(*d 
(•v(iy \V(*i'k foi IliK'x wxxl"!. I)niiii«: llx laiil Iwo wcdoi of llx* cypxiuncnl 
llic do'x* wai, Jill )(*afx'fl Iwin* xacli w*'*k In no (’a‘u*, liowivo, dxl llx 
nifiyinial doM* (>^(*((*(1 H) piainn foi t*a<*li nijKlion. 'I'lx* injxdion wa'i inadi 
wllli a (.|(*iili/(‘d ix'xdix and (.yiinnx inlo llx* pnlloix'al (avily. J'adi annual 
ii((*d III llx* cxpi iiiixnl!) vvai inj(*(*|(fl Iwixx a wci k and wcijilx’d oncf a weak. 


'i’Al’.I.l', '1 III Rwan ri oi' Inid'iiofr I' /i-i'iMMiori'i 


Aii(lxi) 

I, Alulttilmldni, r.. 

", niiiich, K. 

II, ItIcla'I, A, 

-I (Idlll'IC 
fi, Po|»)ici, U, 

II, I'lilloii iiml (looiliill 
'I. Ilvdiln, h, 

H, VliM'i'iil, fl, 

II, Vlno'iil 1X1(1 lilKdii 
10, Mvdiilii, l(. 


iMiiaii'iif i(xi 

Dull* 

Aiiiioiil 

IJlICll 

Iti'MIlllll 

/IMCIX, f. 
((IivmIoI 
I'fid/i, 

llll'i 

Popii 

l£('|ii‘iil( i| lolccllooc Into llii- jicil 
loiK'iil I iivil y pioiliid'il a full la 
hlooiJ piimnx'. ilvcpncii, iiiioip 
of iiaMitipcil xximlM ixnl illiir' 

tllCIl 

/(MCllI, f 
I'MlIf. II, 
'J'lM'l lip, 

iina 

i)o/'H 

lii)cclloa;i of O'Idk'Ih |plo llic 
Hlooil iilicino cmii'i'il it nnirlx'il 
full of lllooil pICIOOMC 

M(*(l, 

\Vi*liaM('lir 

Ill'll, 

itini 

« • t 

lOill of lilooil |iii mime 

lli'lli /, Idiii, 
(Jliliiiip 

1010 

1)0(01 

Mailin/" iiiiiil of llii) Iciilii li'M, No 
liiiiciicn of ImmIv /ooalli 

lllli'iinio (1, 1' 
Aliiiil I'll 
Wlcii 

ii)(i‘. 

MlOd 

1)0/01, 

inl)))ll 

JP'iliii’l Ion of Ml li'iliil II iiiilon ixnl 
(lyi'pni'it 

I'Kic PovmI 
Hoc 1 (llriP 

iDor. 

(liiliinii pl/oi 

(JiiiiMcil lowi'icil lilooi) pi I mini 0 
uHli Myni|>lonni of iiiiifociillon 

Wli a, nil il, 
Wi liMiiclii, 

ii'im 

J)0(')l 

Pio'liii'i il iiiccli iiiilon of llin piilmi 
iinil It niinlo'il iciliiciloa of inic 
tliil liiiiMlon 

I’loc I'IivmIoI, 
Him lioiiCloii 

1110 1 

Kio/ot 

No olmi'i viililn nvniploniii 

loin, Aiiitl, 
iniil I'liyiilol 

timi 

(Illllll'M pl/O) 

All del III Ion of llie pnleii imil 11 
full of lilooil pnmtiiiii 

All'll, f (t^p( 1 
I'lilli, II, 
I'lllll llllIXll, 

11)1 10 

IllflXIlM 

No (lellnllo nyniplomii 


'I'o iiliidy llx* dfid of lliynnni pknid injxdion on (powlli, (ipl'l ni.di //iini(,i- 
pipo of ,ippiovini!ildy lli(* Manx* a(p* and w<‘i|dd wnc cIioikii, 'I’wo of llx*!i( 
annnalii wdr* licalxd willi Ilivniii'i idaiid; Iwo l('{•(lv(•d a 'iii'i|x ii'xon of 'diccp 
nnim*l( ; iwo i('{’(iv<'d nijcclioiii. of l(*nlli"iioi iiial laxliinn ililoild Molnlion and 
Iwo wi'K* iiitixl ii'i 1101 inal (oiiliol*), 'I'o Mindy llx* inlliiciu c of 'ixx on Ihynni'i 
plaixl nip clionn, a ikixm of foin f<*ni,d<* p.inix .i-jinpi of llx* iniiix* lilpi wen* 
lalii'ii wlx'ii in d,iy(i old, 'I'wo of i 1 x*m( annn.il'i wcii* pivxn lliyniii‘i /daiid 
nijcdioni. and Iwo wen* ixx d an noinial conlKd'i, 'rix* iiijnlioixi of mIx'ij) 
niiiMdi wilt* niad(* ni oidci lo have a coiilKd on llx* dfrd of llx* nijcdlon 
01 Mix (*p PI oil 111 , Hy coiniiaiiiiK llx* piowlli niivta of llx mc aniinalu winch 
imivcd llx nni'.(*l( vvilli Miniilai cinvc'i foi llx lliynni'i pi/’,'i, llx* ajicdlx clf(*(’l 
0 llx* (hyiiinr) in ap|),iit-nl; llx> laill noliilion inj(*dion'i wen d( (*nx*d advniahh* 
in 01 ( 1(1 |(j Ii!iv(* a (oniKd on llx* dicci on ppowlli of l(•Il(*,ll(‘(I jinn(*liii ("i of 
llx* ,il)d(xninal wa 1 and nij( dioixi (»f foicpjjn (aihuPox cm inlo llx* i)(*iiion(*,il 
nivily, 1 lx* (Mowlh ('III vcM of Ihcic aniinalii m1x>w llial llx* piin(*lin(*'t and mice- 
(loiiM of fiodniin diloiid i(*lai(l piowlh v(*iy liUU, 
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From the foregoing data it seems reasonably safe to assume that 
the th)^mus gland is in some way responsible for disturbances of 
giowth and development, and, moreover, the evidence thus far pro- 
duced is also partly m favor of the^ assumption that the thymus and 
the lymphatic system are coordinated in function and that the thymus 
Itself IS probably concerned with the development of the sexual glands 
This does not necessarily mean, however, that the thymus itself is an 
independent organ, but that it has a general influence in the chemistry 
of the ductless glands and also in a specific way by itself Some 
notable investigators have also shown that a thymus hyperplasia pro- 
duces a change in the circulation of the thymus which not infrequently 
is accompanied by sudden death The thymus gland has also been 
regarded as a blood-forming organ, and SchaffeF is the most lecent 
advocate of this view He believes, as a result of his studies on cats 
and rabbits, that the hemopoietic function is like that of the spleen, 
liver and bone marrow 


TABLE 4 — Averages of Gain and Loss in Weight or 
Guinea-Pigs in Grams per Week 


Thymus 

Muscle 

Gumei pig 1 1 

Guine 1 pig II 

Guinea pig I | 

Gu nea pig II 

Initial 

Weight, 

Gm 

+ = Gain 
— = Loss 
m Gm 

Initial 

Weight, 

Gm 

+ = Gam 
— = Loss 
in Gm 

Initial 

Weight, 

Gm 

+ = Gain 
— = Loss 
in Gm 

Initial 

Weight, 

Gm 

+ = Gain 
— = Loss 
in Gm 

268 


284 


365 


385 

1 

292 

+24 

285 

+1 

379 

+14 

365 

—29 

301 

+33 

239 

+45 

377 

+12 

421 

+36 

328 

+60 

331 

+47 

402 

+37 

416 

+31 

298 

+30 

391 

+107 

362 

— 3 

305 

+10 


Av +29 2/5 


Av +22 


I Av +12 


Av +10 

664 


624 


321 


i 

372 


600 

—4 

638 

+14 

385 

+04 

450 i 

+ /8 

653 

—11 

641 

+17 ! 

: 1 

405 

+84 

489 

+117 

633 

—31 

583 

—41 

417 

+96 

482 

-<-110 

613 

—51 

587 

—37 

421 

+100 

496 

+124 

61Y 

—47 

602 

—22 

416 

+95 

468 

+90 

625 

—39 

587 

—37 

433 

+112 

521 

+149 

DTO 

— 88 

541 

—S3 

455 

+134 

523 

+151 

008 

—50 

546 

—78 

451 

+130 

538 

+160 

040 

—24 

488 

—136 

452 

+131 

445 

+73 

033 

—29 

536 

—88 

462 

+141 

546 

+174 


tv —34 6/1] 

[ 

Av —44 7/11 


Av +98 9/11 


Av +112 6/11 


arranged alphabetically at the end of the 
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Tenth Normal NaOl Solution 


Guinea pig- I 1 

Guinea pig II 

Guinea pig I j 

Gumca-pig II 

Initial 

Weight, 

6m 

+ =: Gam 
— =Loss 
m Gm 

Initial 

Weight, 

Gm 

+ = Gain 
— = Loss 
m Gm 

Initial 

Weight, 

Gm 

+ = Gam 
— = Loss 
m Gm 

Initial 

Weight, 

Gm 

+ = Gain 
— = Loss 
m Gm 

452 


481 


440 


403 


478 

+26 

517 

+36 

478 

+38 

420 

+24 

488 

+36 

507 

+26 

496 

+56 

460 

+58 

425 

—37 

550 

+69 

533 

+93 

604 

+102 

552 

+100 

667 

+66 1 

561 

+121 ' 

419 

+17 

468 

+16 

: 515 

*4*34 

482 

+42 

1 

1 


1 

475 1 

+23 I 

487 

+6 

511 

+71 

463 

+51 

532 

+S0 1 

506 

+25 

575 

+135 

541 

+139 

677 

+125 

BIG 

+35 

646 

+206 

503 

+161 

552 

+100 

505 

+84 

623 

+183 

651 

+149 

589 

+137 

605 

+124 

660 

+220 

577 

+175 

631 

+179 

620 

+145 

698 

+258 

580 

-i-178 

650 

+198 

055 

+174 

701 

+261 

638 

+230 

678 

+220 

609 

+188 

741 

+301 

670 

+208 

672 

+220 

724 

+243 

789 

+349 

CSS 

j 

'I'SSO 

088 

+230 

738 

+257 

755 

+315 

1 055 

i 

+253 


At +104U/10 


At +05 1/8 


|Av +105 9/10 

At +139 4/5 


TABLE 6 — ^Table or Averages 


Thymus 

Controls 

Gumea-pig I j 

Guinca-pig II 

Guinea pig I 

Guinea-pig II 

Initial 

Weight, 

Gm 

+ = Gain 
— = Loss 
in Gm 

Initial 

Weight, 

Gm 

+ = Gain 
— = Loss 
in Gm 

Initial 

Weight, 

Gm 

+ = Gam 
— =r Loss 
in Gm 

Initial 

Weight, 

Gm 

+ =: Gam 
— = Loss 
in Gm 

100 


90 


97 


89 


116 

+16 

91 

—5 

93 

—4 

92 

+3 

116 

+16 

93 

—3 

1 110 

+13 

84 

—5 

104 

+4 

104 

-fS 

96 

—1 

105 

+16 

124 

+24 

123 

+27 

109 

+12 

123 

+34 

187 

+37 

125 

+29 

138 

+41 

178 

+89 

152 

1 +62 

142 

+40 

173 

+76 

216 

+126 

169 

+69 

170 ’ 

+74 

196 

+99 

239 

+150 

194 

+94 

165 

+69 

230 

+133 

276 

+186 

219 

+119 

187 

+91 

257 

+160 

310 

+227 

237 

+137 

206 

+110 

261 

+184 

340 

+251 

231 

+131 

221 

+125 

327 

+230 

381 

+292 

258 

+168 

249 

+153 

359 

+262 

383 

+294 


At +C512/1c 

! 

At +65 9/13 


At +92 9/13 


At +12712/13 


822 


D M OLKON 


ARCH 


THE EXPERIMENT 

Matenal—Avnl 17, 1917, eight male gumea-ptgs of approximatelj the same 
si/e \.cre selected Each ammal was carefully marked and a record of the 
markings kept They v ere paired off as to size and weight and their general 
beharmr noted Two of the guinea-pigs were used for thymus injection, 
tvo ujr- the muscle injections, tv o for decinormal sodium chlorid injection 
and l\>o acted as normal controls 

A second senes of guinea-pigs, four in number and all females from the 
same litter, \,crc taken on May 8, when onlj 15 days old Two of them were 
given thjmus injections and two were used as controls This was done to 
ascertain the difference in effect of thjmus injection between the male and 
female gumca-pigs 



TABLE 7— TABLr 

or Am RACKS 


f7vimf i pifc I j 

Guint 1 pifc II 

]-]ll -'I U< !{.[ t 

Oijj 

^z=Odin — z= Lo c 1 
]ti Gin 1 

Jnili i] WdfeJit, 

Gm 

- = G nil — = Eo*-"; 
in Gin 



727 


(T2 

—113 

COO 

—^1 

1 'j 

—SO 

723 

4-4 

720 


Oil 

—lie 

C7C 

—too 

399 

—128 


—303 

OJC 

—81 

J 

} 

At —73 3/3 

cot i 

—123 

007 ' 


C22 i 

—303 

037 ^ 

—20 

G21 

—300 

030 1 

1 —7 

1 

022 

—103 

59S 

i 

C31 

—90 

02S 

1 —29 



fM 

~4 

075 

—52 


A-s —is 1 J 


An —SO 0/12 


Iiitcrzal of ^Injections — The injections w'cre given twice a wmek, starting 
with 1 grain of the pow'dered gland (Armour) The dose was increased a half 
grain crerj fortnight at first, then ererj week, in the last tw'o W'eeks of the 
experiment the dose was increased I grain twice each w’eek An exception 
was made r hen the quanlitj reached 3 5 grains per injection, this dose was 
1 cpt up for four injections 

Tfte IVcighuig — Ihe animals were weighed once a wmek before the injec- 
tion r as gnen and before they were fed 

The materials for injection used were 

1 Desiccated poi.dered sheep’s muscle 

2 Desiccated pov dered sheep’s thymus gland 

3 Decinormal sodium chlorid solution 

\ -^unimar} of loss and gam oi body weight in grams per week was as 
n in Tabic 4 
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COMMENT AND CONCLUSIONS 

Our investigation on the eftect of thymus injection on the growth 
and behavior of the guinea-pig made piominent several features 
(1) that protein injections give use to metabolic disturbances, evi- 
denced by the change in rate of growth and in the geneial bodily 
signs and symptoms, (2) that more noticeable changes occurred 
when thymus was injected 



Chart 1 — Senes I and Senes II Comparison of deviations of body weight 
per week, -|- = gain, — = loss in grams, A — thymus-injected Guinea-Pig 
I, B = thymus-injected Gumea-Pig II, C~muscle-injected Guinea-Pig I, 
D = muscle-injected Guinea-Pig II, all males, O = new guinea-pig 

Wemtraub and Mayer have shown that thymus feeding causes a 
striking increase in the output of uric acid The experiments of 
Thirloix, Bernard, Abelous, and Billard show that the removal of 
the thymus in rabbits and frogs gives rise to symptoms of intoxication, 
proving fatal When half of the organ is removed, death of the 
animal does not occur, but the remaining half of the gland becomes 
hypertrophic These results suggest that, besides any routine func- 
tion the thymus may have as lymphatic tissue, it has some more specific 
effect on the life of certain animals Basch, Konig and Tandler, Klose 
an -^ogt found that the removal of the thymus m dogs causes an 
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increased excretion of lime salts and a deficient ossification of the 
bones, and m some instances it was followed by coma and death 
Svehla’s injection of thymus in dogs gave rise to a quickened pulse 
rate and a fall of blood pressure and dyspnea Paton and Goodall 
found that injections of extracts of thymus m guinea-pigs caused a 
lowering of blood pressure, cardiac weakness, dyspnea, and finally 
death Baton’s and Henderson’s experiments show that there is a 
reciprocal action between the thymus and testes, each checking the 



Chart 2 — Series I and Senes III Comparison of deviations of body weight 
per week -p = gain , — = loss in grams , A = thymus-inj ected Guinea-Pig I , 
_ E [h 3 'mus-inj ected Guinea-Pig II, E= tenth-normal sodium chlorid solution 
injected Guinea-Pig I, F = tenth-normal sodium chlorid solution injected 
Gumea-Pig II , all males , O = new guinea-pig 

growth of the other Castration delays involution of the thymus, 
while removal of the thymus causes a more rapid development of the 
testes Various other investigators, such as Ghika, Gudernatsch, 
Romeis and Bartelmez, found tliat the thymus possesses vegetative 
functions, for the feeding of thymus gave rise to larger-sized bodies, 
but arrested metamorphosis Soh, Henderson, Gebele, Hewer and 
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Hoskins have shown that thymus extiipation, thymus irradiation and 
thymus feeding inhibited the maturity of the sexual glands As has 
been said before, another function attiibuted to the thymus is that of 
a blood-forming organ 



Chart 3 — Series I and Seriess IV Comparison of deviations of body weight 
per week, -}-=:gain, — =::Ioss in grams, A = thymus-injected Guinea-Pig I, 
B = thymus-in]ected Guinea-Pig II, G = control Guinea-Pig I, H = control 
Guinea-Pig II , all males , O = new guinea-iiig 


This experiment brought out the fact that when the additional 
thymus as injected, a change m the body economy took place This 
struggle between the animal and the invading protein represents a 
situation in which disorganization had taken place, and the conflict 
resulted in a general body loss and in deranged behavior which was 
made manifest in the symptomatic signs and symptoms 
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The significance of this experiment is the evidence it gives of the 
specific changes caused by the injection of pioteins Among the many 
and vaiied signs and symptoms observed after injection were con- 
traction of limbs, contraction of the large trunk muscles, spasms of 
smaller muscle groups about face and neck , undue bodily movements , 
overexcitability when the dose injected was comparatively small (1 or 
2 grains) , sluggishness and extreme cessation of action simulating 
depression when large doses were given Another feature was that 
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Chart 4 — Senes V Comparison of deviations in body weight per week, 
+ = gair, — =loss in grams, a = thymus injected Guinea-Pig I, b = thymus- 
injected Guinea-Pig II, c = control Guinea-Pig I, d = control Guinea-Pig II, 
all very young females 

the hair became dry and rough, and the animals looked emaciated 
Dyspnea and convulsions were the outstanding phenomena in the 
thymus series In one instance death followed the extreme dyspnea 
after 4 grains were injected In two other instances the animals died 
the afternoon of the day of injection 

These marked effects after thymus injection as compared with the 
other mediums of the experiment, namely, that of muscle and of 
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tenth-normal salt solution, call for interpretation of the differences 
as well of the likeness in the behavior of the gumea-pig It might be 
argued that such manifestations in the behavior of the gmnea-pig as 
contraction of limbs, spasms, unrest, excitability, sluggishness, cramps, 
convulsions, dyspnea and the like, are not measureable entities and 
therefore ought to be left out in the assignment of a causal connection 
between thymus injection and behavior Yet one is scarcely justified 
m nullifying all such phenomena AA^ien we consider the signs and 
symptoms that follow the injection of thymus, and compare these ani- 
mals with those receiving injections of muscle, of sodium chlond 
solution, and again with the control animals, it becomes apparent 
how much more acute and repiesentative aie the signs and symptoms 
that follow thymus injection 

In the case m which a necropsy was had soon after the gumea-pig 
succumbed to the injection, the blood in the heart and large vessels 
was found clotted This finding coincides with the findings of Popper, 
who says that thymus injected intravenously gave rise to clotting of 
blood in the vessels Of course, the clotting miglit have been produced 
in the blood stream either from mdirected piessure or from substances 
thrown into the circulation which affect the cii dilatory or respiratory 
centers, but this does not eliminate the probability of toxins in the 
blood stream, as well as a specific entity that plays the role of dis- 
oiganizer, namely, thymus specificity 

The results of our experiment put it within the limits of probability 
that the thymus gland, whatever its pioteolytic role common to all 
animal proteins may be, has a more specific property, namely, that of 
influencing the bodily growth and behavior of the gumea-pig 

Additional work is necessary also to establish the causal connection 
between the thymus and its specificity as the gland of mteinal secretion 
that regulates growth of the sexual glands and the disorganization of 
bony structure 

SUMMARY 

Since our investigation is of small magnitude, we are justified m 
drawing conclusions only m so far as our evidence will permit Tuc 
most striking and outstanding features are as follows 

1 Reduction of w^eight in the male gumea-pig was produced experi- 
mentally by the injection of thymus gland mtraperitoneally 

2 After the injection, well-marked changes took place, namely, 
muscle spasm, dyspnea, and convulsion 

3 The muscular spasms that occurred after thymus w'^as injected 
appeared more severe and of longer duration than of either the muscle 
or of the tenth-normal sodium chlond injected guinea-pigs 
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4 Some animals died after large doses of thymus injection 

5 The general appearance of the animals m the thymus series was 
that of grave metabolic disturbances, emaciation, accompanied by 
dryness and roughness of their fur 

31 North State Street 
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